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ABSTRACT

Maurice, Denise Cecile. M.Sc. The University of Manitoba, October'
1985. The Effect of Soil Moisture on the Growth and Devel nt of
Green OX a an e ov., OX a

or ro essor; orr s0n.

The growth and development of green and yellow foxtail sub-

jected to moisture stress was investigated both outdoors and in the

growth room. In the outdoor study, plants were grown in a clay ìoam

soil under four water regimes (0.3 cm water.week'1' 0.6 cm

water.week-1; 1.2 cm water.week-1 i 2.5 cm water.".a¡-1¡ 'in

1980 and 1981. In the growth room pìants were grown'in a very fine

sandy loam soil watered daily to soil mojsture contents of l2%' 14% and

201. (representing soil water potentials of -2.4, -1.1, -0.3 bars,

respectìvely). S'ignificant reductions in growth occurred in both

spec'ies subjected to moisture stress. Reduct'ions were recorded in

shoot height, ìeaf area, tiller number, inflorescence number and shoot

dry we.ight. An'increase in water stress resulted in a greater reduc-

t'ion'in tiller number, leaf anea and leaf number of gneen foxta'il

compared to yellow foxtail. As indicated by these growth parameters'

green f oxtai I exhi bi ted greater phenotyp'i c pl asti cì ty than yel 'l ow f ox-

tail. An ìncrease jn moisture stress resulted in reduced seed weights

for yellow foxtail but no similar trends were observed for green fox-

ta.il under field condit'ions. The greater adaptabiìity of green foxtaìl

compared to ye]low foxtail was further reflected in the m'inimal effect

of water stress on leaf thickness and internal structune.

L a Beauv..-Setari a vi ri di s
Beauv. -L.aucaar a

1X



Optimum temperatune for germination was 24"C for both green

foxtai I and yeì 1 ow foxtai I . Seeds coì I ected from green and yeì I ow

foxtaiì plants subjected to various moisture regimes indicated the

percent of germination of gneen foxtail seed was lower for seeds

produced under the wettest moisture regime. No similar trend was

observed for yel I ow foxtai I .

X
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INTRODUCTION

Weeds have been the subject of much research and because of

theìr major economic 'impact on crop production throughout the world,

weed research has been prìmarì1y directed towards discovering methods

for their elimination. Weedsn however are excellent subiects for the

study of adaptat'ion (Baker,1974). The ability of a weed to adapt to

varìous habìtats and to withstand adverse env'ironmentaì conditions are

major factors in determining the surv'ival and competitiveness of a weed

species (Nadeau, 1983). Halì (1981) hypothesized that characteristics

whi ch are adapti ve wi ì I be present at 'intermed'iate I evel s, that

environment and genet'ic background w'i'l'l determjne the levels that are

adaptive and the breadth of adaptatìon is dependent upon the plasticjty

of character response. It 'is for thi s reason that the bi o]ogy and

genetìc makeup of gneen foxtajl Setari a v'i ri di s ( L. ) Beau v. I and

yeì ì ow foxtai l Setarì a glauca (1.) Beauv. Terrell, 19761 was cìoseìy

exam.ined and this followed by focusing on the effect of environmental

factors on pìant growth and development.

Reponts by Aìex and Switzer (1976) and Thomas (1981) ind'icate

that green foxtail is more abundant and occupìes a greater range of

hab.itats than yellow foxtaì'l . There 'is a need, therefore, to determine

the poss.ible mechan'isms by which one spec'ies has become more abundant

and widespread than the other. Mo'isture gradients could be a deter-

minant factor influencing the present dìfferences in distribution of

green foxtail and yeììow foxtaiì across the Prai¡ie Provinces'

Furthermore, plant compet'ition among weeds and crops w'iìì d'iffer under
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varì ous envi ronmental condi ti ons w'ith water avai I abi I 'ity bei ng one of

the most important factors determining the ultimate competitive success

of a species (Squ'ire et aì., 1981). Under dry'land farming conditions

of the Prai¡ie Provinces, those pìants that compete successfully for

moisture will be the ones that wilì thrive.

The purpose of this stu{y was to examine the effect of mo'isture

deficìt on the water status, growth and deveìopment of green foxtail

and yellow foxtail both outdoors and under growth room conditions.

Further this study was initiated to compare green foxtajl and yelìow

foxtail in terms of their response to various moisture regimes and

reìate this to genetic background, and potentiaì distribution and

competi ti ve ab'i'l i tY.
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LITTRATURE REVIEl,'l

General Ecol oqv

Morphol oq i cal Descri pti on

Green foxtaiì is an annual herb, cu'lms erect to geniculate,

branching at the base 10-100 cm tall. Leaf blades are 4-15 mm wide,

5-30 cm long, flat acumiate, ìight green nodd'ing distinctly but finely

veined with prominent mjdvein below, linear-lanceolate, scabrous on

upper surface, scaberilOuS or glabrous on lower surface, margins over-

ìapping, inner margin hyaìine, outer margins ciliate; ìigu]e a f¡inge

of hairs 1.5-2.0 mm ìong fused at the base; auricles absent; infìor-

escence a narrow, terminal panicle, usually denSe and spicate, erect or

s'lightly nodding from the apex, 1-15 cm'long, 4-14 mm in d'iameter, the

rachis commonly pilose; spikelets borne on very short panicle branches'

each spikelet subtended by 1-3 setae; the spìkeìet plus its assoc'iated

setae known as a fascicle; the setae green or rare'ly purple, antrovsely

scabnous, oval to ovate in outline, plano-convex, I.8-2.7 mm ìong,

0.9-1.6 mm wjde; each spikelet contains two florets, the lower floret

steriìe; the upper fertile; the rachilla is extreme'ly reduced so that

the glunes and lemmas are borne one immedìateìy above the other; first

gl une one-thi rd the I ength of the spi ke'let, tri angu'lar ovate, three

nerved; second glume nearìy equal'ling the fertile lemma eìliptical ' 5-6

nerved; sterile lemma s1ìghtly exceeding the fertile lemma,S-nerved,

enclos'ing a narrow, hyaline paìea about I/3 its own ìength; the fertile
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lemma very paìe green and very fìnely transversely rugose' indurate;

fruit acaryopsis, 1.8-2.2 mm ìong, 1.0-1.3 mm wide enclosed by the

lemma and palea; disarticulation below the gìumes, the spikeìets fall

enti re, the setae persi stent (Dougì as et {. , 1985).

Yellow foxtaiì is an annual herb, roots fibnous, culms usua'l'ly

erect, mostly 20-130 cm taì1, several tillers, branching at the base,

sometimes geniculate below; leaf sheaths gìabrous. 0n margins, keeìed;

ìigu'le c'iliate, up to 3 mm high w'ith about 50 ci'lia per mm; ìeaf blades

4-10 mm wìde, up to 30 cm long, loosely twisted, scabrous oñ uppêr sur:'

face about 80 (50 to 300) long hygoscopìc hains just above the ligule'

panicìes spike-like, usually 3-10 cm long; branches of the panicìe less

than 1 mm'long, bearing one fertile spikelet with a cluster of bristles

below ìt, bristìes 3-10 mm ìong, yellow, orange or tawny at maturity,

usually 4 to 12 below each spikeìet; spikelets thick, awnless, pìano

convex, 3.0-3.5 mm'long; gìumes five-nerved, second g'lume covening

about half the coarseìy transverse - rugose fertile lemma. Seed ellip-

t'ic in'longitudinal section, depressed ovate in cross section,2.5-3.3

mm long , !.5-2.2 mm wide, 1.0-1.5 mm th'ick, artjculatìng below the

glumes (Steel et al., 1983).

Green foxtail is distingu'ished from yeìlow foxtail by its green

or purpìe bristles, by the absence of 1ong, wh'ite hairs on the upper

surface of the leaf blade near the stem, and by ìts seed (Lee,1979).

Geographi c Distri bution

The genus of Setaria comprises 125 species' many of which ane

of world-w'ide econom'ic importance either as cultjvated grains or aS
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noxious weeds. Records of fossilization dat'ing back to the 0ligocene

epoch indicate the genus has been in existence s'ince prehistoric times

(Daubenmi re, 1978). 
,

Setaria species belong to the tribe Paniceae' which jncludes

several species distributed throughout the temperate, subtropicaì and

tropical regìons of the world. In North America, the genus'is repre-

sented by Zb native species, l0 introduced species from South America

and I species that are adventives from the 0ld World'

Green foxta'il and ye]'low foxtail were introduced to North

America from Europe. Rominger (1962) reported that both foxtail

speci es have s'imi I ar di stri but'ion patterns i n North Ameri ca. Green

foxtaìl is the most abundant of the two spec'ies; tak'ing'into account

both frequency and density of infestation. By comparison, although

yellow foxtail has the largest range of any Setaria spec'ies'in the

United States (Gregg, Lg71), it is generally less abundant since it

occurs at lower densjties. Huemoeller (1967) stated that in 1965'

surveyed wheat (_Iff!-cum aestivum L. ) fields 'in the northeastern

port.ion of South Dakota showed 78 % of the weeds present consisted of

green foxtail and yel1ow foxtail. Th'is estìmate however, does not give

any indìcation of the relative abundance of the two specìes. Later

surveys'in 1979 from North Dakota rank green foxtail as the most abun-

dant weed and yellow foxtail as the fifth most prevalent weed in wheat

fi el ds (Dexter et al . , 1981 ).

In Canada the dist¡ibution of green and yeìlow fôxtail differs

substanti aì ìy. tarly weed surveys i ndi cated green f oxta'il was wi de'ly

distributed across Canada (Groh and Frankton, 1948' 1949) but most
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abundant 'in t^lestern Canada (Frankton and Mul l'igan ' 1970; A]ex and

Switzer, 1976) (Figure 1). Alex (1966) reported that green foxtail was

present in nearly aìl munic'ipal d'istricts east and south of Edmonton'

with the except'ion of an area in west-central Saskatchewan, north of

the South Saskatchewan River. Survey resuìts for Alberta, indicated

green foxta'il was rated tenth in terms of percent of fields infested

(Dew, 1981). In Saskatchewan and Manitoba, green foxtail was the most

abundant weed according to the latest weed survey results (Thomas and

t^lise, 19B3; Thomas and Ì,lise, 1984). In contrast, Y€llow foxtaiì is

most wìdespread in coastal areas'in Brit'ish Columbia and east of the

Great Lakes (Frankton and MulìÍgan, 1970) (Figure 2). However, it has

been found in alì provinces except Newfoundland (Scoggan, 1978).

Interest'ingly, Man'itoba'is the only prairie province with known

troublesome infestations of ye'llow foxtaiì (Morrison et al., 1981).

In the 1979 Manitoba weed survey, Yellow foxtaìl was ranked

fifty-second in terms of relative abundance (Thomas' 1979). Weed

survey results for 1981 showed an increase in the yellow foxtail

popu ì at'i on , rank i ng 'i t as the f orti eth most abundant weed ( Thomas and

lll'ise, 1984). The 1981 seed dri I I sunvey further exempì 'if i ed the

j ncreased i nci dence of ye'l I ow f oxta'i I (Marti n, 1981) . Several areas i n

the southern port'ion of the province indicated detectable amounts of

yeì1ow foxtail seed present in the on-farm seed stock. Previous seed

drill surveys did not ìist ye'llow foxtail as part of the weed seed

component (Martin, 1965, 1976). Morrison et al. (19S1) suggest that

yeìlow foxtail's distribut'ion is by no means static and 'is encroaching

northward through Manitoba.



FIGURE 1. Distribution of green foxtail in Canada (Dougìas et al.,
1985).
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FIGURE 2. Distribution of yellow foxtail in Canada (Steel et al.,
1983).
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Hi story

Green foxtail was first detected in Canada as earìy as 1821 and

was reported to occur on the prairìes in Southern Manitoba in 1883.

Although these infestations were not considered to be of economic

importance, it serves to il lustrate the potent'ia'l for green foxtail to

spread rapidly (Alex et s]_. , 1972). Dense infestations were becoming

common in many of the rural areas on the Prairies by 1.965. Green

foxtail was found in 84% of the fields surveyed in Manitoba, compared

to 32I" and ?8% in Saskatchewan and Alberta respectively (Aìex et al.,

L972). In 1972, green foxtail was recognized as a serious weed problem

with nearly 281. of the total cultivated land across the Prairie

Provinces be'ing infested. More recently, estimates ane that 50% to 60%

of the cultivated acreage in western Canada is now infested (Morrison

et al.,1981). In 1982, green foxtail was reported in the Peace River

in northern Alberta. This constituted the first report of field

infestations of green foxtail in these northern parts (K. Price,

persona'l communi catì on ).

The first record of yellow foxtail in Canada was in i821 in

Quebec. This specjes was later detected in Eastern Ontario in 1882 and

presently is the most widespread weed in oats (Avena sativa L.) and

barl ey Hordeum vulgaris L. ) 'in Ontario (Steeì et al., 1983).

Habi tat

Green foxtaiì grows in a variety of locations includ'ing road-

sides, waste pìaces and cultivated fields (Frankton and Mulligan,

1970). Yellow foxtail exists in essentiaì'ly the same locales but, as

aìready stated, it is often less abundant (Lee, 1979). Yellow foxta'il
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attains maximal Size on fertiìe, poorìy colonized, exposed sites, where

it may occur in pure patches or in mixed stands with other annual weeds

(Gregg,1971). 0n 0ldfield Pennsylvania Piedmont, Jellow foxtail was

recorded as be'ing a primary successional speci es possess'ing

al I el opathi c characteri sti cs (Gregg, 1971 ).

Schrieber. (1977) jnvest'igated the compet'itiveness and survival

of several foxtails including robust white foxtail, robust purpìe

foxtail, giant green foxtail, giant foxtail and yeì'low foxtail' on

undisturbed sites in Ind'iana to determine whether these foxtails posed

a threat to cultivated land already infested with giant foxtail.

Yeìlow foxtail was the only foxtajl species that occurred'in associa-

tion with gìant foxtail. Schrjeber (1977) theorized that of the five

species studied yellow foxtail was the only one to become a potentiaì

source of seed for further infestation from fence rows to cultivated

fi el ds.

To agriculturalists the occurrence of green foxtail and yellow

foxtail in cultivated fields'is of part'icular interest. Friesen and

Shebeski (1960) recogn'ized that green foxtail could significantìy

reduce yie'lds of cereals. Many studies have shown conflicting results

regarding the actual density of green foxtaiì required to cause signif-

icant wheat yieìd losses (Dryden and Whitehead, 1963; Alex, 1967;

Rahman and Ashfond, 1972; Sturko, 1978; Morrìson et al., 1981;

0'Sul l'ivan et al . , 1982).

For examp'le, over a three year period Dryden and Whitehead

(1963) observed that densities of green foxtajl of 120-180 plants m-2

had little or no effect on the yieìd of barley or oats. Later stud'ies
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conducted in Saskatchewan also indicated that green foxtail did not

affect the yield of barley (Rahman and Ashford, 1972b). By contrast,

A'lex ( 1967 ) exami ni ng green f oxtai I 'i nterf erence i n wheat reported

yieìd was reduced 20% by approximately 700 plants m-2 and 35% by

1575 plants m-2. Morrison et al. (1981) also observed wheat y'ield

reductions as a result of high green foxta'il infestations. These

researchers reported green f oxtai'l popul ati ons over 500 p'l ants/m2

reduced wheat gra'in y'ield up to 25% companed to the weedfree pìots.

Studies conducted in Manitoba indicated that the degree of

competition between green foxtail and wheat varied with environmental

conditions that prevajled at the t'ime of seeding and seedling

establishment (Sturko, 1978). Other researchers also contend it is the

cìimatic conditions during germination and earìy pìant growth that

determines the competitiveness of green foxtail and not necessarily the

direct effect of plant density (Rahman and Ashford, t972; Bìackshaw,

1979). The competitive abi'lìty of green foxtail when grov{,n with corn

(Zea mays L.) was reduced by high corn populations, good soil moisture

conditions and an adequate supply of nitrogen (Moyer and Dryden,1979).

These stud'ies 'illustrate that the competìt'ive effects of green

foxtaiì is dependent upon the weed density, assoc'iated crop, the time

of emergence of green foxtail relat'ive to the crop and environmental

cond'itions followìng emergence (Dryden and l.lhitehead, 1963; Blackshaw

et al., 198lb). According to Dougìas et 3ll. (1985), the relative time

of green foxtail and the crop'is'important but environmental cond'itions

may override any effect due to temporaì separation.

The competitive ab'ility of yellow foxtaiì, by comparison, has

been studied extens'iveìy in crops such as soybeans [G]ycine max (1.)
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Merr.l, corn, sorghum tlg.gh* bicolor (1.) Moench.l, alfaìfa (Medicago

sativa L.) and wheat (Staniforth and Weber, 1956; Staniforth' 1958;

Nieto and St,aniforth, 1961; Staniforth, 1961; Staniforth' 1965;

Huemoeller, 1967; Feltner et al., 1969; Morrison et al., 1981).

Evìdent]y, most of the nesearch has been concentrated in the Un'ited

States, where yelìow foxtail has been a problem for several decades.

Santelmann et al. (1963) reported that competition from yelìow foxtail

caused an estimated 161", 11% and 157" yield reduction'in wheat, oats and

soybeans, respectiveìy. Examin'ing yeìlow foxtail's competitive ability

in Chris wheat, Huemoeller (1971) observed that a foxtail density of

approximateìy 200 plants m-2 reduced wheat yields by I2%. Further,

Huemoel 
'l er (1971) determi ned that 'l i ght and moi stu re dramati caì ly

affects the wheat-foxtail association. The author contends that under

reduced moisture conditions wheat, because of its extensive root

system, is a better compet'itor for soil moisture.

As w1th green foxtai l, climatic cond'itions during the season

are paramount in detenmining the extent of yield losses that result

from various yellow foxtail population densities. Feltner et al.

(1969) studìed yellow foxtail competition in gra'in sorghum and observed

that the competitive effects exerted by yellow foxta'il were greatest

during a year of above-average rainfall and when nitrogen fertiìity was

high.. Yellow foxtail's influence on soybean yields was aìso greater

when above-average rainfall occurred (Staniforth and tlleber, 1956;

Stan'iforth, 1958; Weber and Staniforth , !g57; Fe'ltnen et aì., 1969).

In fact, the work done by Staniforth (1958) ìn soybeans jndicates in

Seasons of limited moisture, yield reductions from moderate yeì1ow
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foxta'il infestat'ions were less than when mo'isture tvas normal or above

(Weber and Staniforth, 1957; Staniforth, 1958).

Metabol i sm

Green foxtail and yellow foxtail are C4 species (Downton,

1975). In the C4 pathway, carbon diox'ide is fixed by the enzyme PEP

carboxy'lase to form four-carbon acids, malate or aspartate in the

mesophy'll cells, hence the name C4 (Bjorkman, 1976). Aspartate and

malate are then transported from the mesophyì'l cells into the bundle

sheath cell where carbon dioxide is released to enter the Calvin cycle.

The three-carbon carrier molecule returns to the mesophyll where it is

converted to PEP to receive another carbon dioxide molecule. This

mesophyìl bundle sheath shuttle thus concentrates dioxide at the fixa-

tion site" Photosynthes'is proceeds within the bundle sheath cells just

as it does in the mesophyll cells of Cg plants. It is'important to

note that the function of the C4 pathway is to concentrate carbon

dioxide in the bundle sheath cells thus permitting the Calvin cycle to

operate at more favourable concentrations of this rate-limiting step'

hence provid'inE more effic'ient means of carbon dioxìde fixation at low

carbon d'ioxìde levels in the'intercellular spaces than does C3 photo-

synthesis (Bjorkman, 1976). C4 species are charactenized by thein

abil'ity to increase photosynthesis as light intensities increase' a

requirement for high temperature for optimum photosynthes'is and h'igh

water use efficiency. These properties led many researchers to

postuìate the C4 pathway was more efficient than the Calvìn cycle

(Bjorkman, 1976). Black et al. (1969) theorjzed that plants with C4
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metabolism have a distinct advantage over species not possessing this

pathway, further indicating it is a significant factor contributing to

the competitiveness of certain weed spec'ies. 0rtlick and Schrieber

(1975) concur that the mean extension rate of the seminal root system

of the four Setaria species studied supported the hypothes'is of Hackett

(1973) that C4 grasses have a mean root extension rate five to eight

t'imes h'igher than those of C3 grasses. This factor may also be

considered a d'istinct advantage when considering the competitiveness of

a species.

The distributional patterns of certain pìant species can also

be infìuenced by the type of photosynthetic pathway the pìant

possesses. The distribution of C4 species tends to be associated

with conditions of relatively low moisture and relativeìy h'igh tempera-

ture. Aìso C4 species appear to be more restrìcted than C3 species

'in the range of environments where they occur, suggesting an ecological

specialized function (Doìiner and Jolliffe, 1979).

Cytology and Morp hological Variation

Interspec'i fi c Vari ati on

Since growth 'is controlled by envinonmental factors interacting

wi th geneti cal ly determi ned physì o'l ogi caì and bi ochemi cal systems;

species adaptabil ity wiìl depend upon 'its abil'ity to respond to

prevailing envi ronmental conditions (Baker' 1974).

The genus Setari a exhi b'its extreme cytomorphol og'ica'l vari ati ons

both at the 'inter and intra-specific levels (Khos'la and Sharma, 1973).

The basic chromosome number for the genus is n=9, or ìts multipìes, the
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ploìdy level ranging from diploid to dodecapìoid (Singh and Gupta,

L977). Khosla and Sharma (1973) suggest that polyp'loidy at various

levels has pìayed an active role in the speciation and separation into

various taxa in the genus Setaria. Stebbins (1971) states trends from

1 ower to hi gher I evel polypì oid comp'lexes are parti cu'larìy useful f or

anaìyzing problems of p'lant geographyo

Green foxtail exists at the dip'loid level,2n=18. Yellow fox-

taiì, by comparison, is known to exist at various ploidy levels,2n=36,

2n=7? (Rominger, L962). Later studies indicate another chromosomal

race of yeìlow foxtail with n=44 (Khosla and Sharma, 1973; Singh and

Gupta, L977). Aneupìoidy is also encountered in yelìow foxtail, the

only foxtail showing polymorphism 'in chromosome numbers (Khosla and

Sharma, 1973). Mul ì i gan ( 1960) i nvesti gated the frequency of poly-

p'loids in the weed population of Canada and reported that the chromo-

some number of green foxtail was 2n=18, as previously reported. Yellow

foxtail was reported to have a chromosomal makeup of 2n=36' a

tetr^apl oi d.

Li et al. (1945) suggested green foxtail was the ancestral

stock of the genus Setaria from which several specific entities

devel oped. Rom'i nger ( 1962) al so proposed green foxta'il as the ances-

tral orìgìn for the 0ld World Setania. These researchers postulated

that the tetrap'loid form of yellow foxtail originated from ancient

crosses of green foxtail with an unknown dipìoid species.

Khosla and Sharma (1973) have confirmed that green foxtail is

the ancestral stoek from whìch present day members of the genus

evolved. These researchers report that vanious processes l'ike gene
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mutation, repattenn'ing of chromosomes, hybrìdization, and poìyploidy

played a major role jn development of the genus as it exists today.

l,lill'iams and Schreiber (1976) compared the morphological

characteri sti cs, pl ant he'i ght, pani cl e I ength, fi rst I eaf width and

fi rst ì nternode ì ength of green foxtai'l , yeì I ow foxtai I , gi ant foxtai I

Setari a faberi Herrm.) giant green foxtail Setari a viridis var. major

(Gaud. ) Posp.l, robust wh'ite foxtai l Setari a vi ri di s var. robusta-al ba

Schreiber) robust purple foxtail (Setaria vil'idis var. robusta-

pu rpu rea Schre'i ber ), bri stly foxtai I Setaria verticillata (1. ) Beauv.l

and foxtail millet Setari a italica (1.) Beauv.]. These researchers

reported that ye'llow foxtail was the least similar of the seven specìes

to green foxtail. These findings reinforce Rominger's view on the

phylogeny of the Setaria viridis complex and it's allies, indicating

the d'istal position of yellow foxtail from other members. These

studies convincingly illustrate the bas'ic genetic difference between

these two Setaria species. This d'ifference in pìo'idy leveì could

influence the response of green foxtail and yellow foxtail to various

envinonmental conditions (liilliams and Schreiber, 1976).

Morphoì ogi caì and physi ol og'i caì effects of poìypl oi dy have I ong

been known (Stebbins, 1971). The most unìversal effect is an increase

ìn cell size. This increase 'in ceìl size may be reflected in ìarger

vacuoìes; hence, a higher water content of the p'lant as a whole and a

consequent reduction in its degree of res'istance to drought and cold

(Stebbins, 1971). Stebbins (1971) also states that as the p'loidy level

ìncreases the leaves are generally thicker and the amount of branching

is usually reduced particular'ly in tillering poìypìoidy grasses. In
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add'ition, flowering and fruiting'in polyploids is later compared to

their dipìoid ancestons. These characteristics have been observed

between green foxtail and yellow foxtai'l (Bubar, 1981; Nadeau, 1983).

Green foxta'iì has been shown to have a greater number of ti'lìers per

pìant than ye'llow foxtail (Bubar, 1981) and green foxtail was observed

to start heading eanì'ier than ye'l'low foxtail (Nadeau, 1983). Field

observations 'indicate the leaves of ye'llow foxtail are more succulent

than green foxtail.

The influence that ploidy ìevel has on plant distribution has

also been expìored. Stebbins (1971) proposed a generaì hypothesis,

maintaining that polyploids in their in'itial stage depend upon

especially favorable combjnation of circumstances for their survival

and perpetuation. However, once established the poìypìoid species are

more competitive and aggressive than related dipìoids. This may

suggest that polypìoids, ìike yellow foxtail, are able to adapt to very

speci f i c env'i ronmental cond'i ti ons. I n studi es on the col on i zati on of

plants on disturbed sites in Canada, Mu'l'ligan (1960) found no evidence

to suggest that polyplo'id weeds are particu'larly favored for the

colonization of newly avaÍlable s'ites. However there was evidence to

'ind'icate polypl o'i d weeds, rathen than d'ip1 oi d weeds, are better adapted

to specialized habitats. In studying succession on old fields of

Pennsyl vani a P'iedmont, Gregg (1971) found ye'l ì ow f oxtai I was one of the

ear'ly establ'ishi ng speci es, i I I ustrat'ing that thi s speci es has the

abjlity to establish itself readily on disturbed sites.
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Intraspeci fi c Vari ati on

l,Jide variation in morphology and development has also been

recognized within species of Setaria (Schoner et al., 1978). Intra-

spec'ific variation in the morphology of green foxtail have been

reported. Pohl (1951) observed that in stands of green foxtail there

exi sted tal I , vi gorous, broadl eaved forms with I arge panicl es.

Fairbrother (1959) aìso reported gneat variability in wiìd populations

of green foxtail, with certain morphological characterist'ics such as

width and length of bìades, color of bristles on spikelets and leaf

blades all showing high variabiìity. Early studjes by Hubbard (1915)

suggested that many varieties of Setariq virìdis exist. Two specimens

of Setania found in Indiana in 1961 did not fit any of the earlier taxa

within the Setaria viridis compìex (Schrejber and 0liver,1971). After

extensive study, these plants were given 'independent status as varie-

ties of green foxta'il. The two varieties of foxtaiì were robust white

foxtail, and robust purpìe foxtail. They differ from one another in

the color of theìr bristles and differ from green foxta'il jn their

robust growth habit.

After examining green foxtail across the Prairìe Provinces,

Alex et al. (1972) postuìated that green foxtail consisted of several

ecotypes some of which were better^ adapted for growth on fine textuned

soils. The author suggested this could account for the different

distrjbutional patterns across þJestern Prairie Provinces. Chow (I97?)

also observed some differences in competitive abiìity as wel'l as growth

habits of green foxtail collected from different locations.



21

Santelmann and Meade (1961) demonstrated that morphological

differences ex'ist between ye'llow foxtail biotypes collected from

di f f erent si tes i n Mary'l and. Schoner et al . ( 1978) exami ned yel 'l 
ow

foxtail biotypes from several ìocations through eastern United States

and.California under un'iform conditions in California. Significant

variations in days from p'lant'ing to heading, numbers of nodes per culm,

leaf shape and size, and in final dry weight per pìant were noted. 0f

particular interest were the distinct diffenences in growth habit; the

Cal'ifornia biotype exhibited a prostrate growth habit whereas the

biotype from the eastern United States aìl had an upright habit.

Schoner et al. (1978) states that a biotype adapted to California

cultural cond'itions may have been selected over a period of several

years.

Bubar (1981) compared two Manitoba ye'llow foxtajl biotypes and

an Ontario biotype and found no major differences in growth and

development at the end of the season. Differences in growth early in

the season were attributed to the later emergence and slower deve'lop-

ment of the Ontario biotype. The 0ntario biotype was also slowelin

commencing heading and later to mature. Compared to the Manitoba bio-

types, the 0ntario biotype vtas somewhat more prostrate. Other studies

show a wide variation in growth habjt between selectjons of yeìlow

foxtail collected from d'ifferent sites in Maryland and Connect'icut

(Santelmann and Meade,1961, Peters et aì.,1963). Norris and Schoner

(1980) al so i nvest'igated yel ì ow foxtai'l bi otypes. A di sti nct di f fer-

ence in the time required for after-r'ipen'ing of seed and strat'ificat'ion

requ'irements between the biotypes was evident. Furthermore, these var-

'i at'ions ì n germ'i nati on requì rements were consi dered to be geneti cal ìy

control I ed phys'iol ogì ca'l d'if ferences between geographi cal'ly separate

bi otypes.
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Both green foxtail and yellow foxtail display a considerable

amount of variabil'ity. The dynamic nature of the variability of green

foxtail and ye'l'low foxtail shows the abi'lity of both these species to

adapt to varied environmental and cultural conditions. It may be this

variabiì'ity that enhances the specìes potential to 'invade new

terri tori es.

Not only does the variability of the species influence distri-

bution, but the nature of the reproduct'ive system may also have an

impact. Several po'lypì oi d conpl exes are characteri zed by apom'i xi s

which ìs defined broad'ly as the repìacement of sexuaì by asexuaì repro-

duction (Stebbins, 1971). The genus Setaria is chanacterized by th'is

mode of reproduction (Singh and Gupta, Ig77; Stebbins, 1971). This is

a situation "par excellence" since popuìations tend to be genetically

uniform (Harper, 1977) but leaves li-ttle opportunity for introductìon

of new genes. 0n a local scale, a singìe apomictic race might be

expected to have shown its superiority over others races and the

populat'ions would be genetically monotonous. Natural populations that

have been studied are found to contain an assortment of apomictic

races, the mix varying from site to site (Harper' 1977). Plant

populations characterized by apomox'is are found in temporary habitats

and the pìants tend to have efficient methods of seed dispersal. A

singìe seed dìspersed into a new locality may in one or two generations

gi ve ri se to a 1 arge popul atj on ( Stebbi ns , 1950) . Thi s constancy

provided by apomixìs may have a positive selective value in a rapidly

expandi ng popuì ati on.



23

Aìthough the genus Setaria is characterized by this apomictic

mode of reproduction little information is known about the extent of

this type of reproduction and whether it varies from species to

spec'ies. One species may be highly apomictic in nature while a closeìy

related specìes may have ljttle asexual reproduction (Solbrig and

Simpson, 1974).

Response to Envi ronmental Factors

The envìronment that surrounds a plant has a profound effect on

ìts growth and development. A better understand'ing of the effects of

various environmental conditions could assist in predicting whether a

weed could prove to be a probìem under specifjc climatic conditions.

Mukula et al. (1969) surveyed 2,710 fields 'in Finl and and found

soil type, temperature, water cond'itions and pneceding crop were influ-

encing factors on the distribution of several weed species in agricu'l-

tural land. Accord'ing to Bìackman and Tempìeman (1938), cereals and

annual weeds primariìy compete for nitrogen and light. Therefore,

environmental factors not only influence the distribution of various

weed species but also the nature of the crop-weed balance.

Soil Fertil'itv

Stud'ies on the relationship between weed infestation, fertìlity

and yield indicate weeds compete for essential nutrients and decrease

crop yields even at high rates of fertilization (Zìmda], 1980).

Nakoneshny and Friesen (1961) showed that increases ìn wheat y'ields

nesulted f rom fertil izer treatments, but these y'ield 'increases were

approximately equa'l to the increases resulting from weed removal.
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However, investigations by Blackman and Tempìeman (1938) led them to

believe that high rates of nitrogen fertilizer was an economical means

of suppressing moderate weed popuìations and the ability to compete for

nutrients can account for an important part of a weed species success.

Hume (1932) 'investigated the effect of fertilizer appìications

and three crop rotations (continuous wheat, wheat-fallow, and wheat-

wheat-fallow) on the weed species composition over a 22 year period.

After spring seed'ing, green foxtail was the only species that had an

'increase'in density in fertilized pìots. Alex (1967) and later Moyer

and Dryden (1976), reported that green foxtaiì competed well with wheat

for soil nitrogen. Moyer and Dryden (1976) determined that green

foxtaiì grow'ing in the wheat crop lowered the n'itrogen content of the

gra'in. Sturko (197S) stated that h'igh rates of nitrogen may enhance

green foxtail's vegetative growth, causing the weed to be more competi-

tjve. By comparison, yeìlow foxtail was found to be competitive with

wheat at low soil nitrogen levels (Huemoe'l'ler, 1967).

Bubar (1981) studied the response of green foxtail and yellow

foxta'i1 to appl'ied nitrogen under growthroom conditions and reported

that at ìow levels of nitrogen (50 and 100 ppm in 4000 gms of soi'l),

yellow foxtail had a higher" nìtrogen use efficiency than green foxtail'

'in terms of shoot dry matter product'ion per unit of applied nitrogen.

Similarly, Schreiber and 0rwick (1978) reported that ye'llow foxtail

produced equaì amounts of Shoot dry matter at "normal " and "bel ow

normal " nitrogen fertility levels. These two studies substantiate

yel 'l ow foxta'il 's ef f i ci ency under I ow ni trogen status. In addi ti on,

Bubar (1981) states that green foxtail js better able to utilize
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additional 'increments of n'itrogen at higher levels in the production of

shoot dry matter. This may imply that these two foxtai'l species will

not aìways occupy the same ecoìogicaì niche. Yellow foxtail should be

able to survive and reproduce efficientìy when the available nutrients

are low due to dep'letion by crop competition. Green foxta'il converse-

ly, requires higher ìevels of nitrogen to maximize it's growth

potential (Bubar, 1981).

Lì ght

Light constitutes a key external environmental variable of the

photosynthetic process. Reduced ìight intensity during plant growth

induces both morphological and physiologicaì changes in plants. In

general, plants respond to reduced light intensities by produc'ing

etiolated stems and leaves that are thinner with a less-deve'loped

internal structure and ìarger chlorop'lasts (Boardman, L977)-

The degree to which a pìant species responds to the reduced

'l'ight ìntensity ìs related to its metabolism. As previousìy mentioned

both green foxtail and yelìow foxtail are C+ plants and well adapted

for growth under conditions of high light'intensity and high tempera-

ture. Lee (1979) surveyed the distribution of three Setaria species,

brist'ly foxtaì.l, green foxta'il and yelìow foxtail, in the vicinity of

London, Qntario. 0f the number of green foxtail infestations examìned,

55% were growing in fulì sunl'ight. The conresponding figures for

yeì'low foxta'il and bristly foxtai I were 50% and 85%' respect'ively. Lee

(1979) concluded that all three species show a similar affin'ity for

habitats with high 'lìght intensit'ies. Interestingìy, green foxtail and
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yellow foxtail are primarily a problem in crop stands where light

intensity may be reduced by as much as 88% by the end of the season

(Bubar, 1981).

Some effects of reduced ì'ight intensity on foxtail development

are known. In a greenhouse study ut'ilizing paralìeì lathes to achieve

60 and 90% shade, Santelmann et al. (1963) reported that shading of

yeììow foxtaiì and giant foxtail plants decreased plant height, number

of tillers and dry weight of both species. Knake (1972) investigated

the effect of shade on giant foxtail under field conditions using shade

intensities of 0,30,60,70,80 and 90%. Seed weight, total dry

weight, number of stems and number of heads per plant decreased ìinear-

ìy with increasing shade. Height of the main culm was affected less

than any other morphologicaì characteristic. Unlike Santelmann et al.

(1963), Knake (1972) reported that yellow foxtaiì plants under 30 and

60f, shade were equal in height to those grown under zero shade. The

length of the eighth and ninth internodes of the shaded plant were

longer than those of unshaded pìants.

vanden Born (1971) studied the effects of light intensity on

growth and development of green foxtail under growthroom cond'itions.

Dry matter was directìy proport'ionaì to l'ight intens'ity' wìth both

vegetative and reproduct'ive development beìng substant'iaìly reduced.

Reproductive growth was influenced more serious'ly by light intensity

than was vegetative growth. The severeìy restricted growth of green

foxtail under low l'ight intensity was considered to partiaììy account

for the "weaker" competit'ive abiìity of green foxtail in fieìd crops 'in

Canada (Vanden Born, 1971).
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Lee and Cavers (1981) reported that the green foxtail, yeì'low

foxtai ì and bni stìy foxta'il demonstrated morphol og'ical adaptations i n

response to shade. Yellow foxta'il was the onìy species to show a

significant increase'in stem eìongation with increasing shade.

Investigating green foxtajl and yeìlow foxtaiì's response to shade in

the field under 0, 55,731. shade and'in-crop, Bubar (1981) also found

yelìow foxtail showed a s'ignificant increase in he'ight as a result of

increased shade. Green foxtail exhibited a relative increase in

resource allocat'ion to leaves w'ith reduced light intensity whiìe ye]ìow

foxtail had a relative incnease in stem material (Lee, 1979). Lee and

Cavers (1981) suggest thìs indicates different strategies in response

to shade. Generalìy, weeds which are taller and produce higher yields

of foliage materiaì tend to be better competitors (Vengris and Damon,

1976).

Pl ant/t,{ater Rel at'ions

Stud'ies directed towards characteriz'ing the effects of water

stress on weed competition are'important to dryìand farming areas, such

as the Prairie Provinces, where water availability may'l'imit crop

productivity. Weed competìtion may affect the water relations of the

crop, as weeds compete for ava j I abl e nutri ents, 'li ght and soi I mo'is-

tu re. Several studi es 'i nd'icate spec'ies and vari eti es devel op di f f erent

degrees of water stress under similar conditions of so'il water and

evaporative demand (B1um, I974; Peake et al., 1975). For example,

Sullivan and Easton (1974) and Singh et al. (1973b) have shown that

varìetal differences exist'in the tolerance of sotghum and barley to
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severe moisture deficits. According to Hsiao et al. (1974), pìant

response to water deficits is multifaceted and encompasses physioìogì-

cal, developmental and morphoìogìcaì parameters. The concerted effect

of these diverse plant phenomena, enable a species to function under

water-l'imi ti ng envi ronments.

In this section of the review, attention is directed to the

effects of mojsture stress on plant growth and development. Since very

few studies have cons'idered the effect of water stress on growth of

green foxtail and yellow foxta'il, this review will concentrate on water

stress effects on grass species, particularìy sorghum. 0rwick et al'

(1978) deveìoped a Setaria Simulation Modeì and observed that leaf

water potent.ial responses of robust white foxtail and robust purple

foxtail were closely related to the C4 species, sorghum. Hence the

authors contend that the response of sorghum and these foxtaiìs species

to soi I water def i ci ts woul d be very simi'lar.

Morpholoqical Effects. The development of water defic'its in plants

leads to a wide range of morphological responses. According to

passioura (1976) unde¡. field conditions the control of leaf area and

morpho'logy'is the most effect'ive means a mesophytic plant has for

influencing its fate to ìong-term moìsture stress. Hence' one of the

most discernible effects of water deficit on plant growth and develop-

ment is it's effect on leaf development. Both leaf expansion and

senescence are known to be Very sensitive to water deficits and is

ultimately mani fested 'in a marked reduction 'in I eaf area (Turner and

Begg, 1981). Hsiao (1973) stated that in many species cell expansion
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is one of the pìant processes most sensitive to water stress. Boyer's

(1968, 1970) experiments with corn, soY bean and sunflower (Helianthus

annuus L.) illustrated that leaf enlargement was strongly 'inhibited

when leaf water potentia'ls dropped below -4 bars. Later studies by

McCree and Davies (1974) drew attention to the sensitivity of cell

div'ision to water stress. McCree and Davies (1974) reported that the

leaf area of sorghum was reduced by approximately 60% when the plants

were grov{n under hot dry conditions with periodic soil moisture

deficits compared to when they were grown under warm' humid conditions

and soil moisture maintained at field capacity. This reduction in leaf

area was attributed solely to the decrease in the number of epidermal

cells per ìeaf. More recently, Prasad et al. (1982) investigated the

effect of water stress on growth and metabolism of wheat and determined

that both cell division and cell elongation vrere decreased with the in-

duction of water stress. Regardless of whether cell expansion or cell

division is the more sensitive to water stress, these studies strongly

indicate that leaf area is great'ly affected by water avai'labilìty.

Reduction of leaf expansion can provide an effective mechanism

for reducing water loss. Similarìy, leaf shedding or the accelerated

senescence of the physiologically older leaves aìso provìdes a means

for reducing water ìoss (Lud'low, 1975). For example, Fischer and Kohn

(1966) observed that drought i nduced reduct'ions 'in wheat gra'in yi eì ds

were inverse'ly related to the rate of leaf senescence after flowering.

Stout and Simpson (1978) observed that leaf senescence of two cultivars

of sorghum resulted in a large decrease'in the leaf area of nonirriga-

ted pìants compared to irrigated plants. The two sorghum cultivars had

an average of 65% loss in leaf material through senescence.
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Water def ic'its have also been shown to reduce tillering 'in

barley, sorghum, green foxtail and wild oats (Aspinall et a1.,1964;

Blum, 1973; Nadeau, 1983; Akey and Morrison, 1984). Generaììy, water

deficits have been shown to reduce tillerjng or branching, the degree

depends on the tim'ing, durat'ion and magnitude of the stress. As an

adaptive strategy these reduct'ions in tillering reduce the leaf area

therefore effect'ively decreasing evapotranspiration by the plant

(Turner and Begg, 1981).

Asp'ina]l et al . (1964) reported that short periods of stress

during which the soil water content was reduced from fjeld capacity to

the permanent wilting poìnt, reduced barley tiller formation. The

effect on tiller formation was jndependent of the time the stress was

initiated i.e. during vegetative growth, at earìy flowering' at

anthesis or during grain sweì'ling. However, the most dramatic effects

occurred at anthesis and during grain sweììing. 0ther species show

sim1lar responses. Moderate and severe moisture stress at the tiller

initiation stage significantly reduced the number of tillers produced

'in wheat and oats (Joffe and Small,1964). Later studies by Connor

(1975) on wheat indicated early stress tends to reduce tillering and

spi kel et numbers; wh'i I e I ater stresses cause f I oret abort'ion and

restricts the development of the grain. Akey and Morrison (1984)

investigated the growth of wild oats (Avena fatua L.) under different

moisture regimes in the field and'in the growth chamber. For the most

part, wild oat tillen formation nesponded sim'iìarly under both

environmental conditions. Fo¡ examp'le, in the growth chamber, under

the lowest moisture regime where the soil moisture content was held at



31

10% (-6.5 bars) for the durat'ion of the experiment, the number of

vi abl e ti l'lers per pl ant was reduced by as much as 38%.

B'lum (1973) studied 21 agronomically adapted, high-performance

sorghum hybrids under dryland and irrigated condit'ions in the fìeld.

Dryland plots represented the stored soil moisture from winter nain-

fall, while irrigated plots represented irrigation to maintain soil

moisture above 50% of field capacìty. Mild water stress experienced

under dry'land condj ti ons s'igni f i cant'ly decreased ti I I eri ng i n al'l

sorghum hybrìds. In fact, those hybrids most susceptible to reduce

moisture conditions performed better under irrigated conditions, and

atta'ined a yìeld advantage over the more tolerant hybrids' through

i ncreased ti I I eri ng"

Studying green foxtail and yellow foxtaì'l response to different

soìl moisture regimes under controlled conditions, Nadeau (1983)

reported that of the two Setaria species, green foxtail had a greater

reduction'in t'illen number. Water regimes, however, did not signìfi-

cantly affect the tiller formation until the fjfth week after emer-

gence. Rewatering to field capacity occurned after the various soil

water contents reached the designated limit of -21.9 bars, -2.4 bars

and -0.6 bans. This rewaterìng may have affected the tillering

response. These results concur with Joffe and Small's (1964) studies

with wheat and oats which illustrated an increase in tillering after

rewatering. These researchers found that the final number of tillers

were not significantly different between stress/rewatered pìants and

the well-watered control plants. Aspinalì gt al. (1964) findings with

barley also drew attention to tiller formation of stressed pìants which
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were rewatered. Tillering, although suppressed during a drought cycìe'

was stimulated upon newatering. InterestinglY, the authors of both

studies indicate that this enhanced tillering after rewatering may be

related to m'ineral nutrition or the interaction of mineral nutrition

and water stress.

Another strategy for reducing water ìoss by reducing evapora-

tive surfaces, is to minimize the interception of solar radiation

through changes in leaf angle. Leaves wh'ich are more parallel to the

sun,s rays aré cooler since they intercept less solar radiation and

have correspondingly lower rates of transp'iration and photosynthesis

(Ha'|1 et a].,1979). Rolìing or folding of the leaf lamina greatly

reduces the leaf area by creating a more vertical orientation (Turner

and Begg,1981). In grasses, leaf rolling is a common response to

stress and may reduce transpiration by 50 to 70I" (Oppenheimer, 1960

cited in Begg, 1980),

Merrill and Rawlins (1979) observed considerable leaf roìling

and color change of sorghum leaves correlated with a s'ign'ificant

decrease in leaf water potentiaì. A study on the diurnal rolling of

sorghum leaves revealed that this species'is very sensitive to both

onset and recovery from water stress (Begg, 1980). Thus, leaf ro'lìing

as an adaptive mechanism is unique in two ways. Firstly' it enables

the p1ant to respond rapidìy to periods of high evaporat'ive demand, and

second'ly, unì'ike other morphoìogicaì responses, it is reversible (Begg'

1980).

It i s wel I establ i shed that the 1 ayer of epi cut'icul ar wax on

the leaf surface of plants reduces cut'icular permeability and assjsts
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in protecting plants from excess water loss through transpìration

(Chatterton et al., 1975; Ebercon et al., 1977: Turner and Begg, 1981).

According to Ebercon et al. (L977), ePicuticular wax formation is an

effective component of drought resistance'in sorghum. Similarly,

Fischer and Wood (1979) concluded that the best morphophysological

trait for pred'icting yieìds of spring wheat cultivars under drought

conditions was given by a linear model containing total dry weight'

kerneì wejght and ìeaf waxiness. Results from field experiments'indi-

cated that leaf waxjness readings taken 20 days after anthesis were a

useful means of assessing drought tolerance of various wheat cultivars.

Svennjngsson and Liljenberg (1982) did not find a signifjcant

dìfference ìn the amount of epicuticular wax formation between moisture

stressed and non-stressed oat seedlings. In contrast, Akey (1932)

reported that leaves of wild oats subjected to water stress under field

condi tj ons produced approxi matel y 60I, more epi cutì cul ar lvax by headi ng

than the leaves of wild oat plants grown under well-watered cond'itions.

Little is known about the effect of mo'isture Stress on the

chem'ical composition of epicuticular waxes. Tulloch (1980) studied 34

speci es of Gramj neae, 'incl ud j ng green foxtai I , and observed that on]y

in one species did ep'icuticular wax compos'ition changed w'ith a change

.in growing conditions. A later study indicated that dryness of habitat

was not necessari'ly associatd with greater wax content (Tu]loch, 1981).

gat seedlings, subjected to short-term water stÉess under controlled

environmental conditions, showed a shift in the components of

epi cuti cul ar wax ( Svenni ngsson and Li I jenberg, 1982).
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Numerous pub'li cat'ions document total shoot growth reducti ons

under water defic'it conditions (Aspinall et a1.,1964; Joffe and Small,

1964; Blum, 1973; Fischer and Wood, 1979). By comparison, there have

been fewer studies'in which the effect of neduced moisture on the

development of root system has been studied, and even fewer that illus-

trated the effect of water supply on the integrated relationship of the

shoot and root growth. The growth and distribution of the root system

of a number of plant species, including wheat (Hurd' 1968; Connor,

1975), barìey (sal'im et aì.,1965; Irvine et a1.,1980), corn (Taylor

and Klepper,1973), and sorghum (Teare et aì.,1973; Hsiao et al.,

L976; Merrill and Rawlins, 1979) have been investigated under various

moisture reg'imes. These studies concentrate on ìntraspecific and

interspecific differences as they relate to rooting density, distribu-

tion and species performance under limited soil moisture.

Hsiao et al. (1976), compared the rooting system of both corn

and sorghum to elucidate key features whjch could account for their

differing drought tolerance. At the earìy seedl'ing stage, root density

was greater for sorghum, and the ratio of secondary to primary roots

was tw1ce as great for sorghum as compared to corn. Nevertheless these

researchers stated that the differences were mìnor and insufficìent to

expìaìn the d'iffering yield behavior under limjted water supply. Hurd

(1968, lg74) compared various wheat varieties and observed an increase

in root dry matter and deep soi'l penetrat'ion of the root system of the

mone drought toìerant varieties. Jordan and Milìer (1980) determined

that the sorghum varietìes regarded as possessing the highest level of

drought tol erance, had cons'istently hi gher root we'ights ' greater root
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volumes and lower shoot:root ratios under non-stressed cond'itions

compared to other sorghum varieties. These parameters showed the same

trends under mo'isture stress conditions. In addition, the roots of the

tolerant strains penetrated an average of 15 cm deeper than the less-

tol erant stra'ins.

Nadeau and Morrison (1983) investigated the root development of

green foxtail and yellow foxtail subiected to several soil moisture

regimes under controlled environmental conditions. These researchers

observed a significant increase'in length of the seminal root of green

foxtail under the driest moisture regime. Yellow foxtail showed a

sim'ilar trend however, it was not as pronounced. The author concluded

that the reìatively greater increase in the seminal root length of

green foxtail under the drier conditions compared to yellow foxtail was

indjcative of the higher degree of plasticity of green foxtail. Fur-

ther Nadeau and Morrison (1983) examined the adventitious root develop-

ment of these Setaria species and observed that the initiation of

adventitious root was at first strongly affected by the water regimes.

However, no significant dìfferences'in root numbers occurred between

species or water regimes, 4 and 5 weeks after emergence. Water avail-

ab'il ity resulted i n marked di f f erence i n the rel ati ve proport'ion of

seminal and adventìtìous root oysters of green and yellow foxtail.

Under the driest regìme, 4 weeks after emergence, SST" and 68% of the

total root length of green foxtail and yellow foxtaiì respect'ive'ly were

comprised of seminal roots. By comparison, only 51" of green foxtail

and 14% of yelìow foxtail total root length vlas comprised of seminal

roots, under the wettest conditions.
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The relative success of a species or biotype may be influenced

by the allocat'ion of fixed carbon to various portions of the plant

(stebbins, 1950). Abrahamson and Gadgil (1973) suggest the pattenn of

al I ocat.i on , of ten referred to as resou rce al I ocati on , wi'l 1 depend on

the nature of the limitjng factor. For example, if water.is the ìimit-

ing factor a larger fraction of the biomass could be in the form of

noots. Increases in root:shoot ratio, sometimes coupled with enhance-

ment of the absolute size of the root system, have been regarded as an

adaptative response to drought (Passioura, 1981). Such increases have

not always been observed and may depend on species, stage of growth,

nutrient availabiìity and soil physicaì structure. Gales (1979)

reviewed severaì papers on the effect of drought stress on root:shoot

ratios ìn dìfferent species. The generaì trend was towand an increase

in the root:shoot ratio with increasing moisture stress. However, some

studies showed lower or unchanged root:shoot ratios w'ith induced

drought. The author contends that the conflicting values for

root:shoot ratios of a given specìes could be ascribed to differences

'in growth stage and nutrient availabil'ity. Further, ìt may simply

reflect the variability between the methods of ìnstilìing moisture

stress in each of the various studies. Mernill and Rawlins (1979)

.investigated the distribution and growth of sorghum roots ìn response

to irrigation frequency, and observed that the root:shoot ratio tended

to increase w'ith less frequent'irrigation.

Bubar (1981) reported that green foxtail had a greater

shoot:root rat'io than ye]low foxtail at alì samplìng dates when grown

in sand:so'il:per'lite mixture under greenhouse cond'itìons. For example,
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at the 4 to 5 ìeaf stage under adequate moisture conditions' green

foxtail had an average ratio of 2.75, while yellow foxtaìl had an

average ratio of 1.76. At heading the shoot:root ratios 'increased'

green foxtail had an average ratjo of 9.47; by comparison, yeììow

foxtail had an average rati o of 2.37 (Bubar, 1981). Huemoeìler (1967)

examined yellow foxtail grown under greenhouse conditions in clay soil

and observed that 8 weeks after planting yeììow foxtail had an average

shoot:root ration of 3.75. In Huemoelìer's (1967) experiments so'il

moisture was maintained at field capacity throughout the entire

experimental period.

Examining the effect of different soil moisture regimes on the

root system of green foxta'il and yellow foxtail, Nadeau and Morrjson

(1983) observed a signìficant difference in the shoot:root ratios of

the two Setaria species by the final sampìing date. For example,6

weeks after emengence, the shoot:root ratio ranged from 3.3 to 3.7 for

green foxtail and 2.4 to 2.5 for yellow foxtaiì. When the shoot:root

ratios of green and yellow foxtail were compared under the water

regimes; nameìy reducjng soìl water potentials to -2I.9 bars, -2.4

bars, and -0.6 bars then rewatering to field capacity once these water

potentials were reached, no significant difference occunred in

shoot:root rat'ios between the various moisture regimes for eìther

speci es.

In a review of the growth and funct'ion of the root in relation

to the shoot, Troughton (1974) clear'ly stated that shoot:root ratios

may be m'i sl eadi ng, parti cul arly when compari ng pl ants wh'ich d'if fer i n

size. For exampìe, a treatment wh'ich changes the rate of growth may
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appear to change the ratio, compared to a controì pìant, however it may

be the "normal" ratio for a plant of that particular size (Gales,

1979). Kummerov (1980) also concluded that no c]ue regarding the

adaptation of plants to an arid env'ironment can be obtained from

observations of shoot:root or root:shoot ratios.

Rep roduct'ive Output. The l ong-term outcome of competition depends on

the ul tìmate reproducti ve output of the compet'i ng speci es ( Stebbi ns,

l9S0). The success of a species in a stressful habitat is determined

by its reproduction and propagation. As Salibury (L942) clearly states

the reproduct'ive capacity and seed characteristics of a species are

broadìy correlated with its ecologìcaì status. An expression for re-

producti ve aì'l ocati on pri mari'ly used by pl ant breeders i s harvest i ndex

(grain yieìd/total dry matter at maturity). Stress during seed fi'lling

will reduce the harvest index as a result of reduced assimi'late produc-

t'ion (Fìscher, 1980). For example, the harvest index of semi-dwarf and

normal-stature barley was decreased with increasìng moisture stress

mainta'ined throughout the season (Irvine et al., 1980). Davidson and

Campbeì I (1984) 'i nvest'igated the growth rate, harvest i ndex and moi s-

ture use of Manitou sprìng wheat as'influenced by n'itrogen, temperature

and moisture. These authors reported that mojsture stress was the

most'important factor influencìng the proportion of plant weight that

was harvested as grain (harvest index).

It js evident that mo'istune stress can have an effect on yieìd.

The specifìc nature of the yield response was investigated by several

researchers (Aspinall et a1.1964; Blum,1973; Connor,1975; Irvine et
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aì., 1980; Dav'idson and Campbeìl, 1984). Drought stress reduces graìn

yieìd through its effect on individual components, with the different

components being affected according to timing and magnitude of stress

(Aspinalì et aì.,1964). Grain yield of grasses is a product of two

components; the number of inflorescence per pìant and the weight of the

inflorescence. The 'inforescence weight can be broken down into its

components, grain number and grain we'ight. The influence of the number

of inflorescences per plant is dìrectly related to the numben of tiì-

lers produced. The effect of water stress on tillering has been dis-

cussed previousìy. Blum (1974) determined that water stress increased

the number of sorghum grains per panicle and per branch; whereas, with

barìey, water stress reduced the number of gra'ins per spike (Irv'ine et

aì., 1980). In field studies, Irvine et al. (1980) observed that

1,000-kernel weight was significant'ly different for semi-dwarf and

normal-statured barley genotypes grown under differing leveìs of

moisture stress. In Nadeau's (1983) studies with green foxta'il and

yeì1ow foxtail, green foxtail seed production (as represented by seed

number) was less affected by d'ifferent water regimes than seed produc-

tion of ye'lìow foxtail. In his review of the influence of water stress

on crop yieìd, F'ischer (1980) stated that the greatest effects of

water stress on gra'in yie'ld are usualìy associated wìth reductions in

seed number. Sensjtìvity of seed number to water stress tends to

ensure consistency of seed sìze by restricting seed number (Stebbins'

1974). Harper (1977) contends evolution has favored homeostasis of

seed size within most species due to the vital role the seed plays in

maintaining continuity between generations.
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Seed Dormancy. In spite of the extensive research on seed physioìogy'

relatively few pub'l'ication have dealt with the'influence of water

stress during seed maturation on seed dormancy. Seed dormancy can be

ìnnate, 'induced or enfonced. 0f these types, innate dormancy is most

affected by growth conditions under wh'ich the seed matures on the

parent pìant, since it develops while the seed is still attached to the

parent plant (Roberts and Smith, 1977).

Temperature and moisture conditions during seed deve'lopment

have been shown to affect the expression of dormancy. Early studies by

Sexsmith (1969) details the effect of temperature and water deficits on

seed dormancy of wild oats. Ì,larm temperatures and water stress during

wild oat seed deveìopment gave rise to less dormant seed. Sawhney and

Naylor (1979, 1980) found that temperatures experienced by maternal

pìants of wiìd oats during seed deve'lopment strongìy influenced the

expression of seed dormancy in dormant l'ines. Later studies by these

investigators ind'icated that seeds produced by water stressed plants

exhib'ited a shorter durat'ion of primary dormancy. The magnitude of the

effect varied among some of the dormant w'ild oat lines, but was cons'is-

tent'ly greater compared to the non-dormant lines. Sawhney and Naylor

( 1982) contended that expressi on of al I el I es conferri ng 'l ong-term

dormancy depends on adequate soil mo'isture levels during seed matura-

tion. Peters (1982) also studied the dormancy of wild oat seed from

parent pìants grown under various soil moisture conditions and sìmilar

results were found. He found hot dry cond'itions during seed maturation

resulted in less-dormant seed than seed produced under cool moist

condi ti ons.
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Several researchers have characterized some degree of dormancy

'in yeìlow foxtail (Peters and Yokum, 1961; Nieto-Hatem, 1963; Kollman,

1970; Rost, 1972, 1975). There is genera'l agreement in the l'iterature

that freshìy harvested seeds of yellow foxtail to germinate under opti-

mal conditions of temperature and moisture. Innate dormancy present 'in

the seed is disrupted by extended exposure to low soi'l temperatures

during winter (Norris and Schoner, 1980) and most yellow foxtaìl seed

dispersed in the fall, germinates the folìowing spring (Stoller and

Wax, 1974; Dawson and Bruns, 1975). Stratification experiments indi-

cate that exposure of imbibed seed to temperatures of 5 to 10'C for 10

to 16 weeks is sufficient to overcome innate dormancy in 80 to 907" of

the seed (Norris and Schoner, 1980). The expression of innate dormancy

in the remaining 10 to 201, of the seed population after stratification

is not well understood. Several studies attribute this persistent

innate dormancy to the hulls of the ye'lìow foxtail seed (Nieto- Hatem,

1963; Kollman, 1970; Rost, 1975). Schreiben (1977) found that of all

the foxtail species he examined, only gÍant foxtaìl and yellow foxtail

showed any seed dormancy. Studies of five ye'llow foxtail biotypes

collected from Connect'icut, Iowa, Massachusetts, Pennsylvanja, and

California and grown under California condìtions, indicated substantial

djfferences in seed dormany and germìnat'ion requirements, leading the

authors to speculate that the wide variation in seed dormancy may be

due to geneticaìly controlled variations between previously

unrecogni zed b'i otypes.

Unljke yellow foxtail, green foxtail has not been known to show

any innate dormancy once the seeds have been stratìfied. Primary
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dormancy present 'in the seed at harvest time disappears rapidìy

(Banting et al. 1973). Vanden Born (1971) reported variations in dor-

mancy of green foxtail seed at harvest and att,ributed the differences

to variations'in the conditions under whjch the parent plants were

grow.ing. The response of the second generat'ion seed to cold treatment

indicated that the degree of dormancy was not a fixed characteristic of

each,,ecological strain" (Vanden Born, 1971). Further investigations

indicated that one strain sampìed in mid-september was complete'ly

dormant, but the same strain sampìed from the same location 31' days

later showed 70% germination. This decrease in dormancy was a result

of a cold treatment of seeds on the parent p'lant durìng the damp cool

weather experìenced between the first and second sampling dates (vanden

Born, 1971).
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MATERIALS AND METHODS

Outdoor Stud.y

General Procedures

In the sunÍners of 1980 and 1981, outdoor studies were conducted

on a s'ite at the University of Manitoba. Plants were grown'in three

specially designed wooden structures that alìowed the manipuìation of

soil moisture while exposing the pìants to prevaiìing env'ironmental

condi ti ons (Fi gu re 3A) .

The structures were 5.5 m long by 1.8 m wide,0.B5 m deep at

the rear and 0.75 m deep in the front. The differential in height

represented a slope of approximately 5%, facilitatjng waten removal by

gutters p'laced in between the p'lant rows. Each structure was sub-

divided 'into four sections of equaì size. Each subsection constituted

an indivìdual plot and each of the three wooden structures, a repìi-

cate. The interior walls of the structures were treated with wood

preservative and the subsect'ions were lined with 2 ply 6-mil clear

po'lyethyìene. The po]yethylene was used to prevent waten movement

between pìots. The wooden structures were pìaced on a solid gravel

baSe and care was taken to ensure the structures were level. The

exterior walls of the wooden structures were primed and painted with

two coats of white exterior enamel, to reflect incident rad'iation.

In the spring of 1980, the stnuctures were filled with Altona

clay loam so'il (397" sand, 32% s|1t, 29% clay; O¡4 4%, pH 7'8)' A



FIGURE 3. Field layout used in outdoor study: A. overview of wooden

structuräs used for growing green foxtail and yeìlow foxtail
(a) eavestrough (b) wash tub (c) tqin gauge; B. sìde view of
woó¿en structure; C. gutter made of asphalt roofing paper
placed between piant iows (d) copper wires (e) steeì hoop.
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compacter was used to firm the soil to a bulk density of approximately

1.20 g. cm3. The top 10 cm were raked to mellow the surface for

seeding. All ìarge soil aggregates were removed and the soil levelled

flush wìth the top edges of the structure. After seedbed preparation,

gaìvanized steel eavestroughing was secured to the exterior of the

lower wall of all structures. The eavestroughing of the centre

replicate was subdivided into four lengths corresponding to each of the

four subsections or plots. Water could then be collected from each

subsection v'ia a guttering system described later. Water was funnelled

into 56 ì galvanized wash tubs covered with plastic. The pìastic cover

effectiveìy minimized evaporation from the tubs and prevented the

collection of incident rainfalì (Figune 38). For the remaining two

replicates, the rainfall was drained off the plot area and not

col I ected.

In 1980, an extended dry period occurred during the early part

of the grcnv'i ng season and stress was easi ìy i nsti ì I ed. I n 1981 '
however, it was necessary to cover the structures with clear 6 mil

po'lyethylene pìastìc tarps. These tarps were draped over the plot area

during periods of rainfall that occurred between seedling establishment

and the pìacement of the gutters. The tarps were supported by sem'i-

circular hoops made from electrical conduit p'laced along the length of

the structures. The hoops wene Secured with three 'lengths of steel

wire strung a'long the top and s'ides (Figure 4). The tarps were removed

as soon as possible after a rain.



FIGURE 4. Wooden structures used for growing green foxtail and yeì1ow
foxtail in the outdoor study in 1980 and 1981..
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A soil fert'i'lity testl indìcated the presence of 15.4 ppm

nitrate-n'itrogen (30 lb/ac),55.6 ppm available phosphorous (100

ìb/ac),700 ppm available potassium (1400 lb/ac) and 20.0 ppm sulphate-

sulphur (40 ìb/ac) ìn 1980 and 22.0 ppm nitrate-n'itrogen (44 ìb/ac)'

60.0 ppm availabìe phosphorous (120 lb/ac),700 ppm available potassium

(1400 lb/ac) and 20.0 suìphate-sulfur (40 lb/ac) in 1981. No addition-

al nutrients were added 'in either year.

Green foxtaiì and yelìow foxtail seeds were pìanted by hand to

a depth of 1 cm, in rows 15 cms apart and at a rate of 300 seeds per

1.8 m length of row. The foxtail seed used in this experiment was

colìected in 1978 from the University of Man'itoba Graysville Research

Substat j on and stored at room temperatu re unt'i I use. I nì tÍ al seed'i ng

was done on June 18,1980 and May 21,1981. In 1981' a serious volun-

teer foxtail probìem existed and, in order to ma'intain an even stand,

it was necessary to reseed. This was done on June 15' 1981. In both

years,2.S cm of water was applied irnmediateìy aften seeding to estab-

lish the foxtail stand. Plants were thinned to 70 plants per row' at

the four leaf stage, corresponding to a density of 222 plants m-2.

When the foxtaiì p'lants commenced tìllering, three weeks aften emer-

gence in both 1980 and 1981, guttens were p]aced between the rows to

channel off some of the incident rainfall. A second thjnn'ing was done

at this time, establishing a stand of 55 plants per row (175 pìants

r-2).

I Analysis of soil ferti'lity was performed by the Provincìal
Soi I Testi ng Laboratory , l..li nni pe9, Man'itoba.
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The gutters were constructed of 2 m by 16 cm strips of asphaìt

roofing paper formed 'into channels with copper wire (Figure 3C). The

width of each gutter was 10 cm. Steel hoops anchored in the ground

secured the ends of each gutter. At the commencement of the experi-

ment, the gutter system removed 50 to 701' of the rajn falling on the

plot area. This efficiency dropped to 30 to 50% by the end of the

season. As a generaì observat'ion, the gutters were more effective

durìng short perìods of heavy rainfall than during extended perìods of

light rainfall. In 1981, the tarps were used to overcome the need to

rely solely on the gutters to intercept rain.

The experiment cons'isted of a spìit-plot design with three

rep'lications and foun main treatments. The main treatments were 0.3,

0.6,1.2 and 2.5 cm of water applied weekly, hereafter referned to as

Treatments 1, 2, 3 and 4, respectìvely. Subp'lots consisted of four

rows of each of the two foxtail species. The inner two rows were used

for sampl.ing. At each harvest date, 10 plants were selected randomìy

from these tv¡o samp'l'ing rows w'ith the same number being removed'from

the guard rows. Thjnning the guard rows ensured a uniform plant stand

and el 'imì nated any competi ti ve ef f ects due to di f ferenti al pì ant

number. In 1980, sampling occurred on six dates, wh'iìe sampìing was

done on five dates'in 1981. The experiment was terminated at an

earlier date in 1981 sìnce a severe hailstorm occurred before the sixth

samp'le could be taken.

Total rainfall was mon'itored throughout each week and the

percent efficiency of the gutters caìculated. The folìowing equatìon
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was used to determine the amount of water necessary to bring each

treatment to it's assigned water level:

x = a - [(b x c) / loooml 1-1 - d]

where x = volume of water (ì) to be added to the treatment each week;

a = calculated volume of water (ì) required weekly for each treatment;

b = total week'ly rainfall (cm) measured by a rain guage adjacent to the

pìot area; c = plot area (.t2) and d = volume of water ('l) coìlected

per treatment weekly in each tub. Once the amount of water requ'ired

was calculated, gutters were removed and water was appìied by hand

using a four litre watering can. Qnly eight litres were appìied at a

time since considerable puddìing and run-off oeeurred if thìs amount

was exceeded.

Soil Water Status. Soil water status was monìtored throughout the

experimental period. Soi I water potenti al , soi'l temperature, and, 'in

1981, gravimetric soil moisture were recorded. A dew point microvolt-

meter2 and ceramic cup thermocouple psychrometer3 were used to

measure soil water potential and soj'l temperature. The thermocouple

psychrometers were buried to a depth of 15 cm in the centre of each

main plot in 1980, and in the centre of each subplot in 1981.

Gravimetric soil mo'istune was determined at 0-5, 5-10, 10-15 cm

depths from two random samples per main plot. These values were

2 Mod.r HR-33T, tlESCOR, INc., Logan, utah.

3 Mod.l pcr-ss, t.JtscoR, INc., Logan, utah.
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subsequently converted to so'il water potentials us'ing a moisture

release curve (Appendix 1). All readings on soil moisture status were

determined on a weekly basjs just prior to watering.

Plant Hater Status. Leaf water potentials were taken 'in 1981, usìng

sample chambers4 and a dewpoint voltmeter. Sampling was done at

12:00 hr at the end of each week just prior to watering. The uppermost

fulìy expanded leaf blade was selected randomly from a plant in

Treatments L and 4 for both species. The restriction in the number of

treatments sampled and the lack of replication was due to the limited

number of sampìe chambers available. Two 25 tt2 leaf sections,

including the midrib, represented a single sample. Equilbratjon time

was four hours.

Growth and Devel o ment. 0nce the pìants commenced tilìering, sampìing

was initiated and continued on a weekly bas'is iust prior to watering.

Sampìing involved selecting ten representative pìants from the centre

two rows of each subpìot. The folìowing growth chanacteristics were

measured: plant he'ight (measured from ground level to the top of the

extend leaf blades), tiller number, leaf and head number, leaf area,

total fresh weight, total dry weight of the shoot and, later, the fresh

we'ight and dry weight of the inflorescence. In 1980, plant height,

tiller number, leaf and inflorescence number and leaf area were

assessed on an 'indi vi dual pl ant bas'is. Leaf area was determi ned usi ng

4 Mod.l c-51, t,lEScOR, INc., Logan, utah.
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a leaf area meter.S Total fresh weight, fresh weight of the shoot

and inflorescence and dry weight of the shoot and jnflorescence were

initial'ly recorded on the buìk sample. However, on the final two

sampìe dates, measurements were performed on the ind'iv'idual plants. In

1981, all measurements were taken on each of the ten plants. Upon

terminat'ion, severaì heads were randomly seìected from each treatment

so that 1,O00-kernel weights could be determined. All 1'000 kernel

wei ghts were counted by hand.

To further examine the effect of water stress on plant growth

and development, additional observations were recorded in 1981. These

included protein content of both the shoot and the inflorescence'

epicut'icular wax deposition and the anatomical differences in leaf

st ru ctu re.

Protein contents were determined by the Kieldahl method6 on a

1 g sample of tissue from each weekly harvest. The sampìe of tissue

was obtained from the bulked ground dry matter samp'le of each treatment

for each spec'ies. Three determinations were made on each tissue

samp'le. Percent protein was calculated by multiplying the n'itrogen

content by a factor of 6.25.

Epicuticular wax determinat'ions were recorded on two dates:

August 1, 1981 and August 15, 1981. The colormetric method developed

by Ebercon et al. (1977) was used to assess the effects of water stress

5 Mod"l LI-3000, LI-cOR Inc., Lincoln Nebraska.

6 Protein content was determined by the Kjeìdah'l Laboratory,
University of Manitoba, !'linn'ipeg, Manitoba.
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on wax formation for both green foxtail and yelìow foxtail. Standard

cunves for green foxtail and yeì1ow foxtail were determined by the

folìowing method: 50 to 70 leaves were immersed for 20 s in 200 ml of

redistilìed chloroform. This was repeated with several sets of 50 to

70 leaves. The ext¡act was filtered and evaporated under vacuum at

25oC. The res.idue was weighed into four of each I,2,3, 4 and 5 mg

samples for both species and subjected to coìorimetric ana'lysis using

K2Cr207 as the reagent. Absorbance readings were taken at 590 nm

using a spectrophotometer. From these values, standard curves were

obtained and utilized to convert the absorbance values to the quantity

of epieuticuìar wax present (Append'ix 3). Five repìicates of ten green

foxtail leaves and five yellow foxtail leaves were used for each treat-

ment. The leaves were placed through the leaf area meter to obtain the

total leaf area of the sample and the leaf wax extracted. Extract'ions

were then carried through the above analytica] pnocedure.

For anatomi cal stud'i es on I eaf morphol ogy , I eaf bl ade samp'les

were taken Jul! 25,1981 for each spec'ies in each treatment. Sampling

consisted of selecting the last most-fu1'ly-expanded leaf of the main

shoot. Several transverse sections 2 mm in length were cut from each

leaf blade and placed 1n 5% phosphate buffered glutaraldehyde (pH 6.8).

The spec'imens remained under vaccuum for 20 h, whereupon leaf sections

were washed'in four changes of 0.025 M phosphate buffer and post-fixed

in phosphate-buffered 2% (w/v) osmjum tetroxide for t h. Following two

washes with the same buffer, the tissue was rinsed with three changes

of d.ist1lled water and then graduaììy dehydrated with a graded ethanol

serjes. The specimens were then infiltrated and embedded with epoxy
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resin (Spurr, 1969). The tissue was subsequent]y infiltrated with

three changes of the epoxy resin over 24 h and poìymerized for 20 h at

7QoC. Transverse sections, 2 ¡, m in thickness, were cut with gìass

knives mounted on a microtomeT and affixed to glass slides. These

sections were stained w'ith 0.1% tolu'idine blue 0 (TB0) in l% (w/v)

sodium bicarbonate (pH 9.0) for 2 minutes. Sections t{ere viewed and

photographed with a light microscope. Photomicrograph were printed

from the negatives with a final magnification of 225x. The area

occupied by various cellular components was determined by weighing the

photographed image; from this the area of the mesophyì'l cells and

intracellular space could be assessed. All photom'icrographs represent

the area between the midrib and the first major vein. Leaf thickness

measurements were also taken from each photomicrograph, four

measurements per print. In 1980, leaves were sampled on July 30' 1980

and subjected to the procedure mentioned above, with on'ly ìeaf

thickness measurements being taken.

Germination Study

In these experiments, seeds were cons'idered matured when ready

to drop from the panicìe. Newly matured seeds were harvested from each

species treatment combination from the outdoor study on August ?7, I}SO

and August 15,1981. Seeds with intact hulls were dusted with the

fungic'ide, Arasan8 and stored at room temperature.

7 Porter-Blum JB-4, Dupont Co., Sorval'l 0perations, Newton,
Conn., 06470.

o' Arasan, active
thi u ramdi su ì ph'i

lng
de)

red'ient , 75% th'i nam (tetramethy'l
a product of Canadjan Industries Limited.
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The experimental unit consisted of 50 seeds placed evenly on

Whatman No. 1 filtens in standard 9 cm pìastic petri dishes. A total

of 3 ml of distjlled water was added to each petri dish, an additional

1 ml was added on each sample date. Incubation occurred in the dark in

germi nation cabinets negul ated at 24oC. Repì'ication cons'isted of four

petri di shes randomly stacked i n dark pl ast'ic contai ners spati al'ly

separated on germi nati on cab'i net sheì ves.

Germination tests for the 1980 seed collection commenced March

1981 and continued on a monthly basis until June, 1981. For seed col-

ìected from the 1981 outdoor study, testing was initiated in December,

t98l and continued month'ly until March, 1982. To examine the influence

of temperature on cumulative percent germination, tlvo additional ineu-

bation temperatures were added, 16"C and 28oC, in 1981. Germinat'ion

counts on all experimental un'its were made at regular two day intervals

for the first four sampling dates. Counts, thereafter, were performed

every four days for the remaining three sampìing dates. Seeds were

removed from the petri dishes following germ'ination. Seeds were con-

sidered germinated when the'length of the radicle was 2 mm on greater.

Follow.ing the fjnal sample date all ungerm'inated seeds were tested for

"hardness". This involved gentìy pricking the seed w'ith a probe; if

the seed was hard, they were considered viabìe (Assoc. Off. Seed Anal.,

1965). Generally, fungal contamination was light.

Growth Room Study

Four-litre plast'ic food containers were filled with 4 kg of air

dried Almasippi very fine sandy loam soil (791, sand, l2l" c1ay,9% silt,
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0M 4%, pH 7.7) to which 200 ppm N as NHON0T; 50 ppm P as Ca(HZP04) '

2Hr0; and 160 ppm K and 65 ppm S as K,S0O was added. The average soi I

moisture content was calculated for the air dried soil and determined

to be approxìmately 2.0 to 2.5% (w/w). The 4 kg of air dried soil was

watered to sl'ightly above field capacity 120% (w/w)]. Fifteen seeds of

either green foxtai'l or yellow foxtail were placed on the soil surface

and 200 g of finely sieved Almas'ippi soil spread evenìy on top. Water

rose to the soil surface by capìllary action, bringing the entire soil

volume to fieìd capacity.

The containers were placed jn a growth room under day/nìght

temperatures of 23/L6"C, a relat'ive humid'ity of 55 to 60% and illumin-

ated with Gro-Lux WS Syìvania fluorescent lights yielding a photosyn-

thetic photon flux density ranging from I70 to 220 p Em-2s-1.

To offset the variation in light distribution, a'ir movement and

temperature, the containers were rotated systematically after watering.

Conta'iners were weighed and watered to field capacity daily.

Upon emergence, foxtail seedlings were thinned to four plants

pen container. Three soil mo'isture content (SMC) were used, 12,14 and

20% (w/w) corresponding to soil water potentials of -2.4, -I.L and -0.3

bars respecti veìy. The so'il water potenti al s were cal cul ated us'ing a

regress'ion equation derived from the soil moisture release curve

developed from data obtained using a pressure pìate apparatus (Appendix

2). By withholding water, the so'i1 moisture content was allowed to

decl.ine to 147" SMC and 12% SMCI: 14% SMC was reached two weeks after

emergence and 12% SMC required an additional two weeks to attain. The

p'lants were watered daily to ma'intai n t2, 14 and 20% soil moisture

content.
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The experimental des'ign was a spì it-spl it pl ot des'ign with soil

moisture content as the main plots, plant species and sampling date as

the sub-pìot and sub-sub-p1ot, respectively. The treatments were

repìicated once over three time periods, mak'ing a total of three

rep'l 'i cates.

Once the 12% SMC was reached, sampling occurred 4, 5, 6,7,8

and 9 weeks after emergence. The foxtaiì pìants from each container

for all treatments were harvested and leaf area, hejght, tiller number,

ìeaf number, inflorescence number, fresh we'ight of the shoot and root'

dry weight of the shoot and root, were recorded. The shoot fresh

weight and dry weight was further broken down into its component parts,

leaves, stem and for ìater sampling dates, the inflorescence.

Statistical Anal.ysis

p¡ior to analysis, means and variances for each parameter were

examined for any departures from the assumpt'ions for the statistical

model. If no departures were detected, ana'lysis of variance was per-

formed on the raw data. However, jf any depanture Occurred, a trans-

format'ion was applied to ensure a normal distribution to conform to the

assumptions underlying the analys'is of variance. After transformation,

if no d'ifferences in sign'ifjcance occurred between the raw data and the

transformed data, the former was used. The multiple comparison proce-

dure used to detect significant d'ifferences !,ras the Ieast sign'ificant

d.ifferences test (LSD) at either the l% or 5% level of s'ignificance.



59

RESULTS

Outdoor Study

Soi ì þ{ater Status

The contribution of rainfall to the soil water status in the

wooden structures is presented in Table 1. The average cumulative

contribution of ra'infall was 3.7 cm in 1980 and 3.1 cm in 19Bl over the

corresponding sampìe dates. Although the total amount of rainfall

reeeived on the pìots did not vary greatìy between the two years, the

t'iming of the nainfall did differ. In 1981, the first rainfall

occurred two weeks after gutten p'lacement. This r,,as one week earlier

than the fi rst si gni fi cant rai nfal 1 i n 1980. Rai nfal 1 patterns pri or

to seeding and gutter p]acement also varied greatly between the two

years (Appendix 5). In 1981, the tarps were used to simulate the dry

conditions experienced just prior to seeding in 1980. The tarps were

effectively used to intercept all rainfall befone seeding. Thereafter,

the tarps were onìy used when extended peni ods of I i ght ra'i nfal I were

fo recas t.
0n several occasìons the amount of precipitat'ion rece'ived on

the p'lots exceeded the amount of water requìred to maintain the various

treatments. This occurred on the 4th,sth and 6th sampìe week in 1980

and the 3rd and 4th sampìe week 'in 1981.

The gutters removed 60 to 70% of the incident rainfall in the

earier part of the season. However, jn 1980 the efficiency of the

gutters decreased to approx'imately 40%. The gutters by this t'ime were

shrouded by foxtail leaves.
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TABLE l. t{eekly lncldent ralnfall ln the outdoor study ln 1980 and 198t.

Raln fal I

t980

" Totol 
b 

Rec"lvedc
on plof

d b c d
l{eek Treaf renf

Nunber

Treaî¡ent
Leve I

Excess of
Treafment

Tota I Rece I ved

on plot
Excess of
Treatnrent

(cm)----

2

5

4

5

6

7

I

2

t
4

I

2

5

4

1

2

t
4

I

2

3

4

I

2

t
4

I

2

3

4

I

2

t
4

0.3
0.6
1.2
2.5
0.5
0.6
1.2
2",
0.5
0.6
1.2
2.5
0.5
0.6
1.2
2.5
0.5
0.6
1.2
2.'
0.3
0.6
1.2
2.'
0.3
0.6
1.2
2.'

0.0
0.0
0.0
0.0
0.9
0.9
0.9
0.9
0.4
0.4
0.4
0.4
5.0
5.0
5.0
5.0
5.5
t.,
3.5
t.5
t.4
t.4
3.4
t.4
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.2
0.2
0.5
0.5
0.2
0.2
0.2
0.2
1.4
1.4
1.7
1.8

1.9
1.8
1.8
1.9
1.4
1.4

1.8
1.7
0.0
0.0
0.0
0.0

+1.t
+0.9
*o:t

+1.6
+1 .2
+0.6

0.5
0.5
0.5
0.5
0.0
0.0
0.0
0.0
2.1
2.1
2.1
2.1
5.5
t.,
3.5
5.5
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.4
1.3
1.5
1.7
t.7
t.8
2.0
2.5
0.0
0.0
0.0
0.0

+r]
+0.7
+0.5

+1.7
+l .4
*o:t

+l.l
+0.8
+0.6

a

b

c
d

Anrount of rater applled reekly (cm).

Measured by standard raln gauge.

Total ralnfalt (em) - amount lntercepted by the gutter ônd tarp
Amount recelved on plots (cm) - treafment level (cm).

(cm).
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Soil water potential, measured with psychrometers pìaced at a

depth of 15 cm, decreased with time during the growing season (Tabìe

2). In 1980, at the time of gutter pìacement (samp'le week 1), the so'i'l

water potentials were hìgher than the same period in 1981. Genera'lìy'

the vaìues were lower in 1981 than in 1980 with a greater distinct'ion

between the various water treatments.

In 1981, soil water potential readings were augmented with

gravimetric soiì moisture content readings determined at 0-5,5-10,

10-15 cm depths (Appendix 6). Many of the soil water content values

exceeded the limits of extrapolation from the moisture release curve

determined for the Altona clay loam so'il (Append'ix 1). This was

particuìarly ev'ident for soil moisture contents taken at the 0-5 cm

depth where values wene below 10% soil moisture content.

Pl ant Water Status

In 1981, leaf water potentiaì readings were measured at midday

just prior to watering for Treatments 1 and 4 (Tabìe 3). Under

Treatments L and 4, the leaf water potentia'l of yeìlow foxtail was

higher than the leaf water potential of green foxtail. The only

exceptìon was at the initìal sample date, where green foxtail and

yelìow foxtail had similar leaf water potentials under Treatment 1.

With both species, the leaf water potential was lower under Treatment 1

than under Treatment 4. However, the leaf water potent'ial for yellow

foxtail was affected to a greater extent than was the ìeaf potential

for green foxtai l.
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TABLE 2. So'il water potentiaì in the outdoor study in 1980 and 1981.

1

bSoìl water ootential

Treatment

3 42Year
Sampì e

|,Jeek

(-bars)

I 980

I 981 18.6
12.4
9.6
6.5
7.0

I Gutter olacement.b An averäge of three measurements in 1980, an average of six
measurements in 1981, taken with cenamic cup psychrometers buried at
a depth of 15 cm.

ta
2

3

4
5

7

1a
2
3
4
5

.7

.3

.3

.3

.8
3

6.9
3.9

16 .1
9.3
1.1

10.4

Ão
L7 .2
1.9.1
14,4
6.4

1.0.5

4.1
16.5
14.9
17 .4
1.8
7.4

15
9
7

6
I

I
2
3
5
2

3
3
5

0
9

32
20
23
19
13

6
0
8
I
2
0

15
5

2
2

4

3
6
2
7

5



TABLE 3. Effect of two water treatments
week-l; Treatment 4: 2.5 cm

water potential of green foxtail
in the outdoor studY in 1981.

63

(Treatment 1:-0.3 cm water.
water.week-I) on leaf

(GF ) and ye'l ì ow foxtai I (YF )

Leaf water potentiaìa

Treatment 1 Treatment 4

Sampl e
Heek GF YF GF YF

1

2

3

4

5

- ( -bars ) --------
17.1 17.8 I2.2 7 .5

13.8 9.6 14.1 5.3

23 .5 15.8 17 .6 9.9

23.2 15.1 18.5 9.6

9.9 8.5 9.8 3.8

a Non-replicated sample of the last most fuìly expanded leaf.
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Growth and Devel opment

Sampl'ing was ìnitiated on the same date as gutter pìacement

which corresponded to the first date of treatment. Calendar dates

corresponding to sample dates in 1980 and 1981 are presented in

Appendix 4. Hereafter the terms samp'le week, sampìe date and week will

be used i nterchangeably.

In both years' green foxtail and yeìlow foxtail emerged five

days after seeding, and were tillering approximateìy three weeks after

emergence. At the first sample date, the two foxtail species were the

same he'ight regardless of water regime (F'igure 5). Green foxtail was

consistentty taller than yellow foxtail in samp'le weeks 1 through 3 ìn

all treatments and in both years. By the last sample date, yellow

foxtail was taller than green foxtail regardìess of treatment in both

year. However, this difference was onìy significant under the wettest

water treatment (Treatment 4). Under Treatment 4, yellow foxtail grew

17 cm and 15 cm taller than green foxtaìl in 1980 and 1981'

respectiveìy. I'lith'in species, at week 5 in i980 and 1981' green

foxta'il was 40% shorter and ye]ìow foxtail was 50% shorter under the

lowest water regime (Treatment 1) than under the h'ighest water regime

(Treatment 4).

In 1980 and 1981, the number of tillers per plant increased

graduaìly over alì sampìe dates; with green foxtail consistently having

a greater number of tillers (F'igure 6). Green foxta'il had an average

of three more tiìlers more than yellow foxtail in 1980, whereas in

1981, the overall average was a difference of one. By sample date 5,

in both years, the number of tillers pen yeììow foxtail plant plateaued



FIGURE 5. Effect of four water treatments (Treatment 1:-0.3 cm

water.week-1; Treatment 2z 0.6 çm water.week-I;
Treatment 3: 1.2 cm water.week-l; Treatment 4: 2.5 cm

water.week-l) on plant height of green foxta'il ( o----o )
and yeìlow foxtail ( a-----a ) in 1980 and 1981.



80

ó0

40

20

1 980

TMT.l

123457
1 981

TMT.3

4 57 123457

r LSD O.O1

T LSD O.O1

| 2 3

12345

123457

123 4 5

TMT.2 TMT.4

Eo

.9
o
T
c
(U

fL

0

80

ó0

40

0

20

12345 12345 or
or

Sample Week



FIGURE 6. Effect of four water treatments (Treatment 1:-0.3 cm

water.week-l; Treatment 2: 0.6 çm water.week-r;
Treatment 3: 1.2 cn water.week-r; Treatment 4: 2-5 cn
water.week-l) on the number of tillers per pìant of
green foxtaii 1o---o ) and yeììow foxtail (a--+ ) 'in 1980

and 1981.
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under all water reg'imes. Green foxtail showed this same plateau under

all treatments except under the highest water regime (Treatment 4)

where tiller number continued to increase s'ignificantly over sample

dates.

In 1981, green foxtail had fewer tillers per plant under

Treatment 1,2 and 3 than at the same sample dates in 1980. The number

of yeìlow foxtail tillers per plant was the same in both years at the

respective sample dates. At the fìfth sample date in 1980, the number

of t'illers per green foxtail p'lant was increased by about 50% when

comparing Treatment L and 4. By contrast, the number of tillers per

yeì1ow foxtail increased by 301", when comparing the lowest and highest

water reg'i me ( Treatment L and 4, respect'i veìy ) .

The leaf area of both species'increased up to week 5 after

which there was a tendency toward a decline in leaf area (Figure 7).

At the first two sample dates,'in 1980 and 1981, ìeaf area of green

foxtail and yeì1ow foxtail did not differ significantly. By week 3,

the leaf area of yellow foxtail was comparabìe to that of green foxtail

in 1980 and exceeded the leaf area of gneen foxtail in 1981. When

comparing the highest and lowest water regìmes (Treatment 4 and 1)' it

is evident that the leaf area of green foxtail was affected more by the

lower mo'isture condition than the leaf area of yellow foxtajl. The

difference between the two foxtail species was greater under the

highest water treatment (Treatment 4) where at week 5 the leaf area of

yeìlow foxta'il was 1.3 times and 2 times greater than green foxtail, in

1980 and 1981, respect'iveìy.



FIGURE 7. Effect of four water treatments (Treatment 1:-0.3 cm

water.wee¡-1; Treatment 2: 0.6 cm water.week-r;
Treatment 3: L.2 cn water.week-r; Treatment 4: 2.5 cm

water.week-l) on the ìeaf area per plant of green
foxta'il ( o-o ) and yellow foxtaiì ( n---a ) in 1980 and

1981.
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At week 3, in 1980; and week 2, in 1981, leaf folding vlas

observed in both foxtaiì species under all but the highest moisture

condi t'i on (Treatment 4 ) .

The number of ìeaves of green foxtail was greater than or equal

to the number of leaves of yellow foxtail (Figure 8). During the 1981

growing season, the number of leaves of green foxtail was greater under

Treatment 3 and 4, however at the final sample date under the lower

water treatments (Treatment I and 2) the number of leaves of yellow

foxta'il exceeded the number of ìeaves recorded for green foxtaiì. In

both years, under the highest water regime (Treatment 4), the number of

leaves of green foxtaìl was s'ign'if icantly greater than the number of

leaves of yeìlow foxtail. At sampìe week 5, in both years, green fox-

tail had between 24 and 43 fewer leaves and yeìlow foxtail had between

17 and 14 fewer leaves under Treatment 1 compared to Treatment 4.

The number of inflorescences per plant increased graduaìly over

time, wìth green foxtail heading one and two weeks earlier than yel'low

foxtail in 1980 and 1981 respectively (Figure 8). In both seasons, the

number of inflorescences of green foxtail was greater than the number

of inflorescences of yellow foxtail. The difference in the number of

inflorescences between the two spec'ies was greaterin 1981 than in 1980

and greatest under the h'ighest water regime (Treatment 4) than any of

the lower water regìmes (Treatment !,2 and 3). As observed for ìeaf

number, the magnitudes of the differences in inflorescence number

between the two years when comparing the lowest and highest water

treatment (Treatment I and 4) was greater for green foxtail. For



FIGURE 8. Effect of four water treatments (Treatment 1:.0.3 cm

water.week-1; Treatment 2: 0.6 cm water.week-r;
Treatment 3:'!.2 cm water.week-l; Treatment 4: 2.5 cm

water.wee¡-l) on the number of leaves { ) and the
number of i nil orescence (- - - -) per p'l ant of green foxtai l
( e--o ) and yellow foxtaiì ( a---a ) in 1980 and 1981.
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example, at sample week 5, green foxtail had between 10 and 4 fewer

heads. By contrast, Yêllow foxtaiì had between 4 and 3 fewer heads

under Treatment 1 compared to under Treatment 4 i n 1980 and 1981,

respecti velY.

The shoot dry weight of green and ye]low foxta'il increased

over sampìe daÈes in both growing seasons (Table 4 and 5). Generally,

green foxtail had a greater shoot dry we'ight than yeììow foxtail'

However, this difference was not significant. significant dry weight

dìfferences with'in species were not ev'ident until week 3 in 1980 and

week 2 i n l9gl. For both species, a sign'if icant reduct'ion in shoot dry

weight occurred under Treatment 1 as compared to Treatment 4. At the

ìast sample date in 1980, the shoot dry weight of both setaria species

was reduced by 50% when comparing the highest and lowest water regimes

(Treatment 4 and 1,, respectiveìy). Whereas in 1981, the shoot dry

weight of green and yellow foxtail was reduced by up to 701" when the

water supply was reduced.

In 1980 and 1981, the ratio of shoot fresh weight to shoot dry

weight of green foxtail was significantìy less than for ye'llow foxta'il

(Table 4 and 5). These rat'ios were generally higher jn 1980 than in

1981. Under the lowest water regime (Treatment 1)' both green and

yeììow foxtail had lower ratios than under the hìghest water reg'ime

(Treatment 4). However these differences were not always sìgnificant.

By week 5, the difference in the ratios with'in each species was not

si gni f i cant 'i n e'ither 1980 or 1981

In both years, the dry weight of the inflorescenee of green

foxta.il was greater than the dry weight of the'inflorescence of yellow



TABLE 4.
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Effec! of four water treatments (Treatment 1: p.3 cm water.
week-1; Treatment 2: p.6 cm water.week-1¡ Treatment
3z !.?' cm water.week-1; Treatment 4: 2.5 cm water.
week-1) on the shoot dry-weight and the ratio between the
shoot îresh wei ght and the shoot dry wei ght of green foxtai l
(GF) and yellow foxtai'l (YF) in 1980.

Sampl e

hJeek Treatment

Shoot Dry l'leì ght

GF YF

Shoot Fresh l,leì ght
Shoot Dry Weì ght

GF YF

(s/pì ant)

1

2

4

5

7

28
60
55
97

2L

61

45

3.7 6
3.84
3.69
4.77

3

6.12
7.63
7 .82
8.17.66

6.25
7 .27
7 .39
6 .81

95
44
B7
07

26

L

2
3

4

1

2
3
4

1

2
3
4

1

2
3
4

I
?
3

4

1

2
3
4

0
0
0
0

0.49
0.55
0.47
0.45

1..17
1 .09
1.48
1 .88

1 .48
1 .98
2.ll
3.04

3.60
4.05
5.55
7 .71

0.08
0.07
0.07
0.08

0.37
0.33
0.35
0.52

7.74
8.23
7.73
7.36

5.32
5.7 2

6.31
7.43

4.49
4.59
4.7 7

4.56

4.06
4.14
4.90
4.?5

09
09
09
09a

I
9
9
8

6
7

8
9

5
5

5
7

0.7 9
0.7 4
1.11
L.77

81
49
10

68
09

I
0
1

2

.16

.84

.17

1.65
1.69
?.L9
4.80

3.72
3.82
4.52
7.50

1

2

2
5

5
5
5
5

2
3

3

2

.75

.14

.06
,90

04
26

LSD (0.05)a 1.03 1.19

19

a LSD (0.05) for comparison withjn and between columns for all
sampl i ng dates.
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Effect of four water treatments (Treatment 1: -0.3 cm water.
week-l ; Treatment 2: p.6 cm water.week-r ; Treatment
3: L.2 cm water.week-1; Treatment 4: 2.5 cm water.
*..¡-1) on the shoot dry weight and the ratio between the
shoot fresh weight and the shoot dry weight of green foxtail
(GF) and yeììow foxtaìì (YF) in 1981.

Samp'l e

Heek Treatment

Shoot Dry þleì qht

GF YF

Shoot Fresh l'leight
TEõõt-Drv-E èi qht

GF YF

(s/pl ant )

0
0
0
0

0
0
0
1

1.59
1 .43
2.24
3.62

I
2
3
4

I
2
3
4

1

2

3
4

I
2
3

4

1

?

3
4

I

2

3

4

5

0.18
0 .17
0.19
0 .18

0.52
0.74
0.94
1.08

.14

.18

.15

.18

2.21
?.19
2.43
6.09

.44

.55

.73

.84

4.1.3
3.90
4.87
4.64

3.58

6.16
5.99
5.77
6.83

6.07
6.40
6.92
9 .10

6.19
6.53
6.70
8.83

6.39
6.33
6.38
6.82

04
55
04
85

3.60
4.77
4.03
4.04

?2
37
88
25

3.54
3.59
3.53

5
5

5

4

4
4
4
4

6 "75
5.93
6.09
6.2L

42
44
61
03

I .18
1.02
1.47
1 .81

1.84
2.08
3.40
6.12

0.85
0.81
0.92
1.65

I
1

I
3

LSD (0.05)a 1.08 r.22

a LSD (0.05) for comparison within and between columns for aìl
sampì i ng dates.
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foxtail under all treatment (Table 6). At the finaì sampìe date, the

dry we.ight of the inflorescence of green and yellow foxtail was reduced

by approximateìy 50%'in 1980 and 35% in 1981, as the water supply was

restri cted.

Generally, the ratio of inflorescence dry we'ight to shoot dry

wejght of green foxtail was approximately 1.6 times and 2'2 t'imes

greater than f or yel ì ow foxtai I , i n 1980 and 1981, respecti ve'ly (Tab'le

6). Treatment differences were not observed in either year for e'ither

species. Hence the onìy significant difference observed was the

d'ifference between the two Setaria species'

The percent protein of shoots dry weight of both green and yeì-

ìow foxta.il decreased over the course of the growing season (Figure 9).

After the second sample date, the protein content of yellow foxtajl was

significantly greater than that of green foxtail. Differences w'ithin

species among treatments were only evident at the final sampìe date'

The prote'in content of green foxtail was sìgnificantly lowen under

Treatment 2 than under the other three treatments. By comparison, the

prote.in content ye'lì ow f oxta'il was s'igni f i cant'ly 'lower under the hi gh-

est moisture reg'ime (Treatment 4) than under any other mo'isture negime'

unlike the prote'in content of the shoot, the percent protein of

the ìnflorescence d'id not show as substantial a decrease over sampìe

dates (Tabìe 7). At week 3, the prote'in content of green foxtail

inflorescences was significantly higher under the highest water treat-

ment (Treatment 4) compared to the ìower water treatments (Treatment 1,

2 and 3). Yellow foxtail was not heading at this date. At sample week



TABLE 6.
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Effect of four water treatments (Treatment 1: 0.3 cm y{ater.
week-l; Treatment 2: 0,6 cm water.week-l; Treatment
3: I.? cm water.week-1; Treatment 4:2.5 cm water.
week-1) on the inflorescence dry weight and the ratio
between the inflorescence dry weight and the shoot dry weight
of green foxtajl (GF) and ye'llow foxtaiì (YF) in 1980 and
1981.

_ I nf I orescence Dry ldei ght
Inflorescence Dry l^leighta ffi

Year Treatment GF YF GF YF

(s/plant) ---

1980

1981

1.61
1.69
2.51
3.44

0.78
0.89
I .36
?.29

.34

.15

0.26
0.26
0.29
0.29

0 .19
0.18
0 .18
0.20

1

1

I
2

I
2

3
4

1

2

3
4

04 0
0
0
0

0
0
0
0

45
42
46
44

.02

bLSD (0.05)

LSD (0.05)b

0.43

0.26

0.42
0 .39
0.43
1.23

42

.39

.39

0.05

0.04

.4?

a Determined for pìants sampìed on the final samp'le date of each
, year.
b [sU (0.05) for comparison wìthin and between co]umns for one year.



FIGURE 9. Effect of four water treatments (Treatment 1: 0.3 cm

water.week-l; Treatment 2: 0.6 çm water.week-l;
Treatment 3: I.2 cm water.u,eek-1; Treatment 4: 2.5 cm

water.week-l) on the protein content of the leaf and
stem material of green foxtail ( o----o ) and ye'l'low foxtail
( a----a ) in 1981.
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TABLE 7. Effect of four water treatments (Treatment 1: -0.3 cm water.
week-l; Treatment 2: p.6 cm water.week-r; Treatment
3: I.2 cm water.week-r; Treatment 4: 2.5 cm water.
week-l ) on protei n content (%) 'of the i nfl orescence of
green foxtail (GF) and yellow foxtail (YF) in 1981.

Prote'in Content

þJeek 3 tleek 4

GF YF GF YF

þleek 5

Treatment GF YF

a 18.3

18.3

17.3

16 .9

(%)

1.7

2L.5

21.7

2r.7

19.0

17 .6

18.1

17.5

17 .2

17 .3

18.1

16 .9

15.1

I

2

3

4

18.8

18.9

19.3

20.6

1.LSD (0.05)b 1 L.2

3 yellow foxtail was not flowering at this date.
D LSD (0.Cì5) for compa¡ison wjthjn and between columns for one

sampl 'i ng date.
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4, the inflorescence of yeì'low foxtail had a sign'ificantly lower

protein content under the highest water regime (Treatment 4) compared

to ìower water regimes (Treatment 1,2 and 3) at this date. Protein

content of the inflorescence of green foxtail did not differ between

t reatment s.

The effect of water stress on the production of epicuticular

wax of green and yeìlow foxta'il was measuned in 1981, at two sampling

dates (Table 8). The amount of epicuticular wax of green foxtail

leaves was consistentìy greater than the amount of epicuticular wax of

yelìow foxtail leaves at both sampìe dates. For green foxtail, wax

production did not differ significant'ly between treatments at both

sampìe dates. Yellow foxtail, however, showed a significant increase

in wax formation as the water supply was restricted.

In both seasons, ìeaf thickness values for yelìow foxtail were

greater than for green foxtai'1, irrespective of treatment (Figure 10).

The only exception vì,as Treatment 3 in 1981, where leaf thickness values

for the two species were not sign'ificant'ly djfferent. Under the

wettest water treatment (Treatment 4) , ye'l'low foxtail leaves were up to

56 m thicker than green foxtail unden the same conditions. l'lithin

spec'ies, the leaf thickness for green foxtaìl was less affected by the

different water regimes than the leaf thickness for yeìlow foxtail.

The anatorry of leaves of gneen and yeìlow foxtail was also

measuned on samp'les collected on the thìnd sample week in 1981 (Figure

11). Regardìess of treatment, the leaves of ye'llow foxtail had a

greater total area than the leaves of green foxtail (Table 9). The

total area of the 'i nternal st ructu re of ye'l I ow f oxta j I I eaves 'i ncneased

by 30%, whereas the total area of the internal structure of green
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TABLE 8. Effe
week

ct
-1

of four water treatments (Treatment 1: -0.3 cm water.
; Treatment 2: 9.6 cm water.week-l; Treatment

cm water.week-I; Treatment 4z 2.5 cm water.
) on epi cuti cul ar rrax formati on of green foxtai I
nd ye'l I ow foxtai I (YF ) 'in 1981.

3 1.2
¡-1
)a

wee
(GF

Hax Devel ooment

Week 3 þleek 5

Treatment GF YF GF YF

2( pglcn )

I

2

3

4

15.77

L5.72

15.38

14.7?

T2.T7

12.48

11.96

9.89

L9.27

18.29

L8.77

19.30

11.98

L2.37

L2.92

1l .06

LSD (0.05)a t.t2 1.03

a LSD (0.05) for comparison within and between columns for one
sampl i ng date.



FIGURE 10. Effect of fgur water treatments (Treatment 1:-0.3 cm
water.week-1; Treatment 2z 0.6 cm water.week-1;
Treatment 3-: 1.2 cm water.week-l; Treatment 4: 2.5 cm
water.wee¡-1) on leaf thickness óf green foxtait (CF)
and yellow foxtail (YF) in 1980 and 1981.
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FIGURE 11. Effect of four water treatments (Treatment l:-0.3 cm

water.week-1; Treatment 2z 0.6 çm water.week-1;
Treatment 3z'L.2 cm waten.week-1; Treatment 4: 2.5 cm

water.wee¡-l¡ on the anatomy of green foxtail and yellow
foxtaiì leavês in 1981. Photomicrographs represent the
traverse section of the leaf of green foxtail and yellow
foxtail magnified 225x.
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TABLE 9. Effect of four water treatments (Treatment 1: 0
week-1; Treatment 2z p.6 cm water.week-1
3: L.? cm water.week-1; Tneatment 4: 2.5
week-1) on the anatomy of green foxtaì l
foxtail leaves in 19Bl

89

3 cm water.
Treatment

cm water.
and ye'lì ow

Areaa

Speci es Treatment
Intercel I ul ar

Spaces I'lesophyl I Total

( urz)

Green Foxtai I

Yel I ow Foxtai I

1

2
2
2

I
2
3
4

I
2
3
4

3
I
4
6

8.1
8.1
7.3
9.8

18
23
27
27

4.9
6.6

10.8
9.1

18.2
18.3
18.9
2L.5

?.3
3.1
2.8
2.8

B

3
3
5

ô Measured from photographs (225x) of transverse sections. Mean of
two sampìes of the last most fully expanded leaf.
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foxtail leaves increased by 15% under Treatment 4 as compared to

Treatment 1. l.lithin species, the genera'l trend was one of reduced

intercellular space, reduced mesophy'll area and hence reduced total

area as water supp'ly was restricted.

In 1980, seed weights (g/1000 kernels) of yelìow foxtail were

approx'imateìy 3 times greater than the seed weights of green foxtail

(Figure 12). In 1981, the difference in seed weights between the two

Setaria spec'ies was not as great, with ye1ìow foxtail seed ranging from

2 to 2.ì5 times the weight of green foxtail seeds. Yellow foxtail seed

weights decreased 8% in 1980 and 2ll" ln 1981, under Treatment I as

compared to Treatment 4. By contrast, the weight of green foxtail seed

did not differ under the various water regimes.

Germination Study

In 1980 and 1981, seed was collected on the final harvest date

of each year to investigate the infìuence of water stress during seed

development on the seed germination of green foxtail and ye'llow foxtail

(Fìgune 13 and 14). For seed collected in the fall of 1980, germina-

tion trials were initiated in March 1981 and were conducted monthìy

until June 1981. For seed collected'in the fall of 1981, germination

trials were started in December 1981 and continued monthìy until March

1982.

The results reveal a striking variabiIity 'in response to water

stress during seed deveìopment on subsequent germination (F'igure 13 and

14). In March 1981, the percent germinat'ion of green foxtail seeds was

genera'l ìy greater than the percent germ'ination of yeìlow foxtail seeds,

irrespective of treatment (Figure 13). At this date, little difference



FIGURE 12. Effect of f
water. week-
Treatment 3
water.week-
yel I ow foxt

ur water treatments (Treatment 1:-0.3 cm

; Treatment 2: 0.6 cm water.week-l;
1.2 cm water.wee¡-l; Treatment 4: 2.5 cm

) on the weight of green foxtail (GF) and
il (YF) seeds in 1980 and 1981.
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FIGURE 13
and 14

Effect of four water treatments (Treatment 1:-0.3 cm

water.week-1; Treatment 2: 0.6 çm water.week-l;
Tneatment 3z I.2 cm water.week-l; Treatment 4: 2.5 cm

water.wee¡-1) during seed development on subsequent
germinat'ion of green foxtail ( o--o ) and ye'l'low foxtail
( a--a ) seeds. LSD (0.05) for comparison of each
incubat'ion time over all treatments and species for each
month.
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was observed in final germination of green foxtail seed between the

various treatments. The final percent germination of ye]low fpxtail

seed showed a significant decrease under Treatment 2 as compared to

Treatment 1, 3 and 4. However, the final percent germination does not.

reflect the differences 'in percent germinat'ion at various 'incubation

times. For examp'le, in March 1981, four days after initiation of the

experiment percent germination of green foxtail seed grown under the

various water regimes showed a sign'ificant difference in response.

However, beyond this date no consistent pattern was observed in e'ither

species. Comparing species, the percent germìnation of yelìow foxtail

seeds was a'lways lower than the percent germination of green foxtail.

This occurred two days after incubation during all the observed sampìe

months.

In the second year of the study, germination experiments were

conducted earlier after harvest in order to observe the influence of

imposed water stress during seed deveìopment on the after-nipening of

mature foxtail seeds (Figure 14). The change in percent final germina-

tìon over samp'le months was more dramatic in the second season of the

study. Green foxtail seed showed a 337" increase in the final percent

germination over the course of the experiment. Yellow foxtail seed

showed a 15% i ncrease 'in f i nal germi nat'ion over the same peri od. The

percent genmination of seeds of yeìlow foxtail was unaffected by water

stress imposed on the maternal pìant since no significant differences

were observed between treatments at any date. The percent germination

of green foxtail seeds was generaìly lower for seeds produced under

Treatment 4 than for seeds produced under Treatment 1, 2 and 3. By the
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final sample month (March, 1982) this difference between tneatments of

green foxtaìl seed was no ìonger significant.

Two add'itional incubation temperatures, 16oC and 28"C were

included in a second experiment to'investjgate the effect of tempera-

ture on the express'ion of dormancy (Table 10). Four and five months

after harvest, seeds of green foxta'iì generalìy had a lower percent

germinat'ion when compared to yeì1ow foxtail seed produced under the

same water regimes and germinated under the same incubation tempera-

tures. Six and seven months after harvest these differences between

the speeìes were no ìonger apparent. Ïhe onìy exception was seed

produced under Treatment 4, and incubated at 24"C and 28"C. Under

these conditions, six months after hanvest, green foxtail showed a

significant'ly ìower percent germination than yeìlow foxtail under the

same condition.

Germination for both species increased over time, regardless of

treatment or incubation temperature. trJhen comparing Month 4 and Month

7, the'largest increase'in germìnation of green foxtail was evident

under an incubation temperature of 28oC. Over the duration of the

experìment, green foxta'il seed showed the h'ighest percent germination

at 24oC or 28oC, wh'i'le ye'l I ow f oxtai I consi stentìy showed the hi ghest

germination at 24oC.

tlithin both species, seed developed under the highest water

regime (Tneatment 4), showed the lowest percent germination up to six

months after harvest, regardìess of tempenatune. By month 6, this

trend was no'longer evident for seeds of yellow foxtaiì. Green foxtail

seeds developed under the highest moisture regime (Treatment 4) however

continued to show a lower percent germination compared to the other

moisture regimes through to the completion of the experiment.



TABLE 10. Effect of four rater lreaïnpnfs (TreatrÞnt l:0.5 cm- rater.r€ok-l;'--; 
r"t...r*r-tt Treotment 5: 1.2 cm rator.reek-l; Tre¡tmnt

reek-l) durlng seed developnnnt ln t98l on the flnal gerrnlnotlon
(GF) and yel lor fo'<îcl ¡ (YF) s€€d at three lncubotlon lemper!Îures.

98

Treatnent 2¿ 0.6
4t 2.5 crn rater.
of green fo<îcl I

bFlnol Germlnatlon

a
llonths
after

Harv€st
Germl nal lon
Temperature

Tr€aîmont t

GF YF

Treet¡ent 2

GF YF

TreatnBnt 5

GF YF

TreatÍþnt 4

GF YF

Month 4

tlonth 5

Month 6

l,tonth 7

LSD (0.05)c

Lso (0.05)c

LSD (0.05)c

4.6( 45)
5.5(57)
5.6(65)

6.4(8f)
6.2(82'
6.0(72)

6.0(71)
6.4(81)
6.1(74)

5.2(r4l
5.9(70)
6.1(74)

6.4(8t)
6.7(89)
5.7 (651

4 .4( 58)
,.2(r5'
,.t(r7,

6.0(72)
6.2( 78 )

5.?(64)

t6
24
28

t6
24

28

l6
24
28

t6
24
28

5.6(26)
5 .1 152'
5.?(vt

,.8( 67 )

ó.1(74)
,.7 (65'

5.9( 50)
5.5(6 I )

,.5(r7l

5.0( 50)
5.5( 6l )

6.2(76),

6.1 (74)
6.21761
5.8(68)

0.4

6.4(82)
6.ó( 86)
5 "8(68)

0.5

6.0(72)
6.3( 80)
6.3(79)

0.4

6 .2(771
6.5(80)
6 .2(77 |

t.7 l27l
,.5(56)
,.?(rrl

6.0(7r)
6 .5( 79)
5.9(ó6)

].t ( l9)
5 .t (521

,.2(5t'

,.7 164'
6.1(75)
,.5(5ó)

6 .2(77 
'6.0(?2)

6.0(71)

5.9 ( 70)
ó.5(84)
ó.t(75)

5.7(66)
6.4(82)
5.9(69)

6.t(74)
6.ó(86)
6.0(75)

5.1( 56)
5.7 (66 )
5.215r'

5.4(58)
6.4(82)
6.t(75)

ó.4(82)
6.7 ( 90)
ó.5(78)

6.2(78)
6.5( 85)
6.4(82)

6.4(82)
6.7(89)
6.ó(87)

6.4(81)
6.ó(87)
6.5(84)

6.4(81)
6.7(89)
6.6(87)

6 .5( 80)
ó.4 ( 8f)
6 .2(77 

'

6.0172'
6.6(87)
6.f(79)

c 0.4
0.5

LsD (0.05)
LSD (0.05) d

o Months affer harvest; l4onth 4: December, l98l¡ llonth 5: January 1982; li{onth 6: February,1982i
Month 7: March, 1982.

b For statlstlcal Dnôlysls, the <lata ras transformed to çrÇ-3¡ 1o conform to the assumptlons

underlylng fhe anclysls of varlance. LSD values apply 1o the transformEd data. Actucl data ls
glven ln brackets.

c LSD (0.05) for comparlson befre€n ônd rlthln columns for one sampllng date.

d LSD (0.05) for compartson betreen and wlfhln columns for oll sampllng dates.
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Growth Room Study

To augment and expand on the outdoor study' an experiment was

conducted under growth room conditions. The first time th'is experiment

was conducted 10%, 14% and 20% soìl moisture contents (SMC) were used

as the water regimes to be imposed. By the fifth week after emergence

however, it was d'ifficult to sustain foxtai'l growth under the 10% SMC

regime. In order to ma'intain the various SMC, daiìy weìghing and

therefore movement of the pots was necessary. Since the foxtaiì p'lants

under the 10% SMC at this stage did not develop a substantial adventi-

tious root system, this mechanical agitation often resulted in the fox-

tail pìants breaking off at the soil surface. In folìowing experiments

the soil moisture content was heìd at 12%, L41,,20% SMC representing

-2.4 bars, -1.1 bars, and -0.3 bars, respectiveìy. It is'important to

note that da'i1y waterings, even of the driest water regime, results in

the soil reaching field capacity iniiialìy when wetted.

Pl ant t'Jater Status

The weekly leaf water potentials of green foxtail and yeììow

foxta'i1 grown under the L2% and 207" soil moisture content are presented

'in Table 11. Leaf water potentials were measuned at 12:00 hr iust pni-

or to watering. Therefone these values ìike'ly represent the lowest

water potentials reached by either species. Under 12% SMC' green

foxtail consistently had a lowen leaf water potent'ial than yelìow

foxtail over all samp'ling dates. However, leaf water potentials were

comparable for both species under the highest soi'l moisture content

(207, SMC). Over the course of the expen'iment, leaf water potentia'ls

remajned fa'i rìy constant within each treatment/species combination.
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TABLT 11. Effect of two soil moisture contents (12% SMC: -2.4 bars; 201.
SMC: -0.3 bars) on ìeaf water potentia'l of green foxtail (GF)
and yel I ow foxtai I ( YF).

Leaf Waten Potential a

12% SMC 20% sMc
Weeks after
Emergence GF YF GF YF

4

5

6

7

I

------( - bars)--------

18.5 9.9 6.4 6.0

16. 5 8.9 5. 5 5.9

18.3 8.4 5.9 6.5

16.3 9.3 7.0 7 .t

15.3 9.9 7.2 5.4

a Non-replicated sampìe of the last most fuìly expanded leaf.
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Growth and Devel oPment

Yellow foxtail was taller than green foxtail over all samp'le

dates, irrespective of soìl mo'isture content (Table 12). There were

however, several occasions where th'is difference in height was not

s'ignificant. After week 6, sign'ificant differences in height between

the two foxtail specìes were on'ly observed under the highest soiì

moisture content (20f" SMC). Under 20% SMC, Yellow foxtail was up to 10

cm taller than green foxtail. Through the course of the experiment,

this difference in height between green foxtail and yellow foxtail

decreased and by week 8, yellow foxtail was onìy t2% taller than green

foxtail under the highest soi'l moisture contenf (2V1" SMC). l.lith'in

species, p'lants grown under the highest so'il moisture content (20% SMC)

were signìficantìy talIer than p]ants grown under the ìower soiI

moisture contents (14% and 12% SMC). The on'ly exception was yeììow

foxtail four week after emergence.

Similar to height, the number of tillers differed significantìy

between the two Setaria species. Green foxtaiì had up to 8 tillers

more than ye1 ì ow foxtai ì ( Tabl e 12). Generaì ly the numben of ti I I ers

for both species increased up to week 6, beyond which tiller number

appeared to pìateau.

. The numben of leaves differed significantly between species,

under all water reg'imes at week 4,5 and 6, with green foxtail having

more leaves than yeìlow foxtail (Tabìe 13). At week 7, ìeaf number

differences between the species were significant under 12% SMC and 147,

SMC but not under 20% SMC. At the following sample date, (week 8), the

on'ly difference between the species was under the lowest water regime
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TABLE !2. Effect of three soil moisture contents (LZf" SMC: -2.4 bars;
14% SMC: -1.1 bars; 20% SMC: -0.3 bars) on the hejght and the
number of tillers per p'lant of green foxtail (GF) and ye'lìow
foxta'il (YF).

Hei ght Number of T'i I I ens
Weeks after

Eme rgence
So'i I moi stu re

content GF YF GF YF

--- - (cm) ----

Week 4

Week 5

Week 6

tleek 7

Week 8

12% SMC

14% SMC

20% sMc

127" SMC

14% SMC

20% sMc

12% SMC

147" SMC

20% sMc

127" SMC

14% SMC

207" SMC

127" SMC

14% SMC

20% sMc

L9.7 31 .6
27 .9 42.5
38.2 47.3

30.6 37.7
39.5 48.4
45.7 56.0

38.0 40.8
47 .0 51.5
53.2 6?.6

41.0 47 .3
48.4 55.3
58.4 69.2

51.4
58.7
70.6

5.5

15
15
16

9
10
13

10
11

9

6
6
6

7

9
9

L2
16
14

16
16
16

14
Ú
15

8
9

11

I
9

10

43.0
56. I
62.0

LSD (0.05)a 3

a¡
s

SD (0.05) for^ comparison within and between columns for all
ampì 'i ng dates.
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TABLE 13. Effect of three soiì moisture contents (12% SMC: -2.4 bans;
I4l" SMC: -1.1 bars; 201' SMC: -0.3 bars) on the number of
leaves per pìant and the leaf area per pìant of green foxtail
(GF) and yellow foxtail (YF).

Number of Leaves Leaf Area
Weeks after

Eme rgence
Soil moisture

content GF YF GF YF

2
( cm )

Week 4

Week 5

Week 6

Week 7

Week I

81 .97
17 4.48
199.26

101 .74
20L.7 9
281 .78

t97 .64
31 2.81
585.9 2

256.48
427.8I
726.79

411.87
51 3.29
778.83

20% sMc

12% SMC

14% SMC

20% sMc

12% SMC

14% SMC

20% sMc

12% SMC

14% SMC

20% sMc

12% SMC

14% SMC

20% sMc

2T

24
27

38
40
44

SMC

SMC

r2l.
L4?

39
49
40

58
66
66

58
66
64

140.29
233.13
437 .1 9

73
70
7T

41
44
57

253 .64
367.89
591.73

32L.02
492.95
665.20

342.15
611.76
851 .41

36
42
55

332.
459.
672.

30
77
82

62
59
75

45
55
68

LSD ( o.o5) a 10 38.29

a LSD (0.05) for comparison within and between columns for all
sampl ing dates.
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(12% SMC). Maximum differences between the leaf number of the two

foxtail species was unden the lower moisture regi.mes (I2% and 14% SMC),

where green foxtail had up to 34 more leaves than yellow foxtail.

l,lithin species, no signficant differences were apparent for green

foxtail, until the final sample date, where the number of leaves of

green foxtail increase under the highest moisture reg'ime (20% SMC).

For yeì I ow foxtai ì , no si gni fi cant di fferences i n I eaf number occu rred

between the various soil water contents at week 4 and 5. However, leaf

number was reduced by water stress at all the succeeding sample dates.

The leaf area of yellow foxtail was greater than the leaf area

of green foxtail for aìl moisture regimes up to week 6 (Tabìe 13).

Hithin species, the leaf area of pìants grown under all soil moisture

contents were significantly different over all dates, except the first
sampìe date.

Aìthough the shoot dry weight of yeì'low foxtail was geirerally

greater than the shoot dry weight of green foxtail, this dìfference was

only significant for p'lants grown under 20% SMC, 6,7, and 8 weeks

after emergence (Tab1e 14). Under the highest soil water content (20f"

SMC) at these samp'le dates, the shoot dry we'ight of green foxtail was

on the average 28% less than the shoot dry wei ght of yel I ow foxtai l.
Significant d'ifferences in shoot dry weight between the various water

reg'imes for green and yeìlow foxtail were observed after the initial

sampìe date.

The effect of water deficit on the shoot:root ratios (S/R) of

green foxtail and yellow foxtail are presented in Table 14. Both

species, showed considenable variabil'ity in S/R ratios. A significant



TABLE 14. Effect of three soil moisture contents
L47" SMC: -1.1 bars; ?01, SMC: -0.3 bars
weight and the ratio between the shoot
root dry weight of green foxtail (GF)
(YF).
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L2% SMC: -2.4 bars;
on the shoot dry

dry wei ght and the
and yel 1 ow foxtaì I

(

)

Weeks after
Emergence

Soil moisture
content

Shoot Dry Weì ght

GF YF

Shoot Dry Weight
Root Dry l,leight

GF YF

Week 4

Week 5

Week 6

Week 7

l,leek I

12% SMC

14% SMC

20% sMc

12% SMC

14% SMC

20% sMc

12% SMC

14% SMC

20l" sMc

127, SMC

14% SMC

20% sMc

1.14
1.83
2.9r

01
52

3.11
3.2L
3.22

0. 71
1 .31
2.05

2.63
4.57
7.00

3.08
2.40
2.57

2.40
2.34
3.03

2.81
2.54
2.94

-- (g/pl ant) --

0.39 0.68
û.67 1.02
0.89 L.27

3
2
2

4.
3.
4.

1.53
1 .64
3.25

3.46
2.38
2.7 039

12% SMC

14% SMC

20% sMc

I .61
2.63
4.67

2.65
3.15
3.09

4 .03
3.68
4.07

94

1 .66
2.59
4.54

2.24
3.60
6.30

3.29
5 .21
9.29

2.84
3.26
3.39

03

1 2

LSD (0.05)a 1.05 0.64

a LsD
samp

(

I
for comparison within and between columns for all

ates.
0 .05)
ngd
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difference was observed between the two species, 7 and 8 weeks after

emergence. 0n the average, green foxtail had a S/R ratio of 3.34 and

yeìlow foxta'il had a S/R ratio of 2.82.

Green foxtail started heading five weeks after emergence under

the lowest soil mo'isture content (12%) (data not shown). At week 6,

green foxtail was heading regardless of water regime, whereas yellow

foxtaìl was onìy heading under the 20% SMC (Tabìe 15). The number of

infìorescences per plant increased over the course of the experiment,

with yeìlow foxtail having aS many as 19 inflorescences per plant. By

the final sampìing date, yellow foxtail had about 1.6 times more

inflorescences than green foxtail under the highest water regimes (141'

and 20% SMC). Nine weeks after emergence' green foxtail' had a 25%

reduction in the number of inflorescences per pìant, wh'i'le ye]low

foxtail had over twice the observed reduction for green foxtail under

12% SMC as compared to 20% SMC.

The effect of soil moisture content on the dry weight of the

inflorescence of green and yellow foxtail is presented in Table 15.

Yellow foxtail, under 20% SMC, cons'istent'ly had a larger inflorescence

dry weight per p'lant than green foxtail. By the final samplìng date,

the dry weight of the jnflorescence was over 2.5 times greater for

yeì1ow foxtail than for green foxta'il under the highest moisture regime

(20% SMC). No significant dìfferences in head dry weights between

treatments was observed unt'il eight weeks after emergence. At this

date, yeì'low foxtail showed a significantìy higher allocation in head

dry matter under the h'ighest moisture regime (20% SMC) than under the

lower mojsture regìmes (I2% and 14% SMC). By contrast' green foxtail
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TABLE 15. Effect of three soil moisture contents (12% SMC: -2.4 bars;
L4I. SMC: -1.1 bars; 201, SMC: -0.3 bars) on the number of
inflorescences per plant and the inflorescence dry weight of
green foxtail (CF) and ye'llow foxtail (YF).

Weeks after
Eme rgence

Soi I moi sture
content

Number of
I nfl orescence

GF YF

Infl orescence
Dry Wei ght

GF YF

---(g/pl ant)--

l,leek 6

l,leek 7

Week 8

Week 9

12% SMC

14% SMC

20% SMC

12% SMC

14% SMC

20% sMc

0.03
0.03
0.04

.08

.13

0.49
0.69
0.65

0.00
0.00
0.17

.0712% SMC

14% SMC

84
86
30

0
0
3

1

2

7

2

I
1

2
1

2

B

7

5

0
0
0

0
0
1

0.01
0.15
0.56sMc

4LSD (0.05)a

201"

I
1

2

3
5

15

0. 16
0.53
1.81

0.56
1 .08
3.48

sMc
SMC

SMC

tolulo

41"

01"

9
7

L2

8
11
19

0.45

a LSO (0.05) for comparison within and between columns for all
sampl i ng dates.
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dìd not show any signìficant shift'in allocation to head dry weight

under the various water reg'imes. At the final harvest date, t.he head

dry weight of green foxtail was significantìy greater under 20% SMC

than under I4l" and 12% SMC. Whereas the head dry weight of yeìlow

under all three moisture regimes was significantly different.

Nine weeks after emergence, the pattern of dry matter d'istribu-

tion to the various plant parts was altered by the water regime imposed

on both species (Figure 15). Within species, the general trend was; as

water defic'it increased, the amount of dry matter aìlocated to the stem

decreased from 43% to 35% for green foxtail, and 421' to 38% for yeìlow

foxtaì1. This occurred when comparing the 201, soil moisture content to

the 12% soil moisture content. Both species showed a proportion

increased biomass allocation to the leaves as water suppìy was

restricted. This trend was more dramatic for yelìow foxtajl. The dry

matter allocation to the leaves of yellow foxtail 'increased from 197"

under the highest soil moisture reg'ime (20% SMC) to 30% under the

lowest soil moisture regime (127" SMC).

For green foxtail, as water defjc'it increased the dry matter

al I ocati on to the i nfl orescence i ncreased. Yel I ow foxtai I showed a

reverse trend, as the moisture supply decreased the dry matter

allocation to the inflorescence decreased.



FIGURE 15. Effect of three soil moisture contents (12Í SMCz -2.4 bars;
14% SMC: -1.1 bars; 20% SMC: -0.3 bars) on the percent dry
matter allocation to roots, stems, leaves and inflorescences
of green foxtaiì and yeìlow foxtail, nine weeks after
emergence.
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DISCUSSION

Outdoor Study

Soi I l,later Status

In the t,rlinnipeg area, the ìong term (40 year) average precipi-

tation is 32.5 cm from May 1 to September 30 (Dunìop and Shaykewich,

i982). Assuming a un'iform distribution over the growing season, this

would be equivalent to 1.5 cm per week. The amount of water applied

weekìy in Treatment I and 2 (0.3 cm water.week-l and 0.6 cm

urater.week-1) corresponds to I ower than average preci p'itati on

whereas Treatment 3 and 4 (1.2 cm water.week-l and 2.5 cm

v,rater.week-1) represents approximately avenage and above-average

precipitation.

The different ra'infalì patterns and methods of intercepting

this precipitation resulted in differences in initial soil water poten-

tials between the two years (Tab'l e 2). In 1980, the first s'ignificant

nainfall occurred on June 27 and 28 and was not prevented from reachìng

the p'lots. As a result, this rainfall contributed to the soil moisture

content. However, 'i n 1981 the tarps were used to prevent any

prec'ip'itation from fall ing on the pìot area prior to gutter pìacement

(week 1) and hence, these two factors could account for the higher soì1

water potent'iaì s i niti a'lly recorded i n 1980 compared to 1981.
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Soil water potentia'l readings t.{ere taken at a 15 cm depth. The

moisture status of the soil surface may have affected growth of foxtail

ìn the earìy stages of growth but because the soil water potentia'l

read'ings vrere taken at a 15 cm depth, these possible soil moisture

deficit would not be evident. To expand on ìnformation on soil water

status, gravimetric soil moistune readings were taken in 1981 from 0-5,

5-10, 10-15 cm depths (Appendix 6). Soil moisture readings indicated

that the upper 0-5 cm was the driest, these values were beyond the

limits of extrapolation from the soil moisture curve determined for

this soiì (Appendix 1).

The wooden structures were effective in investigating the

effects of moisture stress on the growth and development of green and

yellow foxta'iì. In 1980, only the gutters were used to prevent rain-

fall from reachìng the plots. However, over time the efficiency of the

gutters to remove water from the p'l of area tended to vary between

treatments (Tab'le 1). Recognizing the shortcomings of the gutter

system, a tarping structure was const.ructed in 1981. When rainfall was

forecast, the p'ìastic sheets were used to cover the pìots. This

greater abil'ity to control incident rainfall may in part account for

the greater di fference i n so'i I water potent'ial between treatments i n

1981 than in 1980.

The weather conditions experienced in 1980 and 1981 were

s'imìlar (Appendix 8). In both years, the average maximum temperature

through the duration was 25oC and the average maximum relative humidity

was approximately 907".
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Pl ant l,late r Status

Leaf water potentials for both spec1es varied over sample dates

and showed a limited correlation with changes in soil water potentiaìs

(Tabìe 2 and 3). The sampìe size used in determining leaf water poten-

t'ials may have precìuded the demonstratjon of a significant correlation

between soil water potentials and leaf water potentia'ls. Aìso, soil

water potentials readings were taken prior to those on leaf water

potential. This staggering of readings was necessary to fac'ilitate the

number of readings taken. Simultaneous readings of leaf and soil water

potential could have enhanced the correlation between these two para-

meters. Shackel and Hall (1983) reported maximum d,ifferences in leaf

water potentiaì of stressed and unstressed sorghum which was observed

at predawn rather than at midday. Read'ings were taken at midday.

In addition to restricted water suppìy, leaf water potential is

dependent upon changes ìn radiation, reìative humidity, temperatune and

leaf factors (Cowan and Mi'lthorpe, 1968). Begg and Turner (1976)

contend that the water potent'ial of the leaf shows fittle dependence on

soil water potential and that soil water potent'iaì merely sets the

limit of recovery poss'ibìe by the pìant during the dark period.

It is clear from obsenvat'ions of Blum (1974) and Peake et al.

(1975) that species and varieties develop different degnees of leaf

waten stress under similar conditions of soil water and evaporative

demand. Leaf water potentials of green foxtail were generally ìower

than leaf water potentials of yellow foxtail. When comparing the high-

est (Treatment 4) and lowest (Treatment 1) water regimes, leaf water
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potenti al s of yeì'l ow foxtai I was affected to a greater extent than was

the leaf water potential of green foxtail (Tab'le 3). Bìum (1974)

evaìuated the variab'ility between sorghum cultivars with regard to

drought response and identified key phys'ioìogica'l response pattenns in

the drought resistant cultivars. Under increasing soil moisture

stress, the most drought susceptible genotypes had reduced leaf water

potent'iaìs, high diffusion resistance and the lowest total soil

moisture extraction. More resistant cultivars had low leaf water

potentials, which were associated with low diffusion resistance and

greatest amount of soil moisture extraction.

Similar trends were observed in examining green foxtail and

yellow foxtail. Leaf water potentiaì of yeìlow foxtail was higher and

reduced to a greater extent under water stress than the leaf water

potentiaì of green foxtail. Further, Nadeau (1983) observed that

yeì'low foxtail generalìy had a higher stomatal resistance and a lower

transpìration rate than green foxtail. According to Blum's theory,

green foxtail would be considered better adapted to moisture stress

condi ti ons.

Under the lowest moisture regime (Treatment 1) leaf water

potentials were detected as low as -23.5 bars and -17.8 bars for green

foxtai I and yel'l ow foxtai I , respecti vely (Tabì e 3). In the cì osely

related species, sorghum, Shearman et al. (1972) reported photosyn-

thesis began to decline after the leaf water potent'iaì fell below -10

bars and declined rapidìy as leaf water potentia'ls approached -20 bars.

However, Stout et al. ifSZSl, a'lso studying sorghum under moistune

stress, observed that plant growth and yield were severely affected
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before ìarge detectable changes in plant water status could be

detected. In field tria'ls, Blum (1974) reported mean leaf water

potentiaì for all the sorghum cultivars studied, dropped to -15.3 bars

and a minimum of -18.3 bars as the soil moisture was depìeted. These

leaf water potent'ial readings are s'imilar to those observed for green

and yellow foxtail.

Growth and Devel ooment

Yeìlow foxtail and green foxtail showed morphoìogicaì differ-

ences typìcal of differences observed for polypìoid and diploid grass

species (Stebbins,1971). Green foxtail is the dipìoid ancestorial

stock from which present day members of the genus evolved, including

the tetrapìoid species, ye'llow foxtail (Khosìa and Sharma' 1973). The

enìarged effects of polyploidy was observed in yellow foxtail. These

include thicker leaves, larger seeds, and a higher water content than

that observed for green foxtail. Flowering and fruitìng occurred later

in ye]low foxtail compared to green foxtaì1. This is also considered a

un'iversal effect of polyplo'idy (Stebbins, 1971). Further, an important

di sti ncti on between po'lypl oi ds and thei r di pì oi d progeni tors i s the

I oweri ng of reproduct'i ve ef f ort ( Stebb'i ns , 1971). Th'is was an observed

difference between green foxtail and yeììow foxta'il, as indicated by a

reduced allocation of dry matter to inflorescence formation. General-

ly, the ratio of inflonescence dry weight to shoot dry weight of yellow

foxtail under field conditions was one-haìf that observed for green

foxtail. Nadeau (1983) reponted that the average number of seeds

produced by green foxtail was 3 and 6 times more than for yellow

foxtail in the two years of the study.
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The range of morphologicaì va¡iability encompassed by tetra-

p'loids is less than the total range of that found among d'iplo'ids

(Stebbins, 1971). Again, this feature of p'loidy level was observed for

green foxtail and ye'l'low foxtail. In the discussion rvhich will follow

it w1ll become apparent that green foxtail showed greater pìasticity in

its response to mo'isture stress than yeìlow foxtail. Rapid phenologi-

cal development and developmentaì plasticity are considered key tra'its

favoring the survival of pìant species under water stress (Turner and

Begg , 1981 ).

lilhi I e di fferences i n soi I water status between treatments were

small they were sufficient to cause significant dìfferences in the

growth and development of green and yeìlow foxtajl. Both foxtail

species showed a significant decrease in height as the amount of water

was restricted (Figure 5). Under the highest water reg'ime yellow

foxtail was up to 17 cm taller than green foxtail. Akey and Morrison

(1984)'investigated the effects of moisture stress on the growth of

wìld oat p]ants and observed that stressed plants were as much as 23%

shorter than unstressed plants. The final ìength of the main stem of

sorghum was shorter for non-irrigated plants than for irrigated pìants

( Stout et al . , 1978). Other evi dence of thi s rel atì onshi p between

plant heìght and soiì moisture status was observed for green foxtail

and yeììow foxtail exposed to sim'ilar moìsture regìmes imposed ìn this

study. In field studies, Nadeau (1983) observed that yellow foxtail

was shorter than green foxtail under the lowest moisture regimes (0.3

cm water.week-l and 0.6 cm water.week-1), but not under the
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hìghest moisture regime (2.5 cm water.week-l). Under the highest

mo'isture condìtion, yellow foxtaiì was about 10 cm taller.

As observed with pìant height' the number of tillers of green

and yeìlow foxtail was significant'ly decreased under Treatment 1

compared to Treatment 4 (Figure 6). The number of tillers per green

foxtai 1 pl ant was affected to a greaten degree than the number of

ti I ì ers per yeì I ow foxtai I pì ant. Thi s is simi I ar to results observed

for wheat and oats subjected to moderate or severe water stress, where

tiìler number was decreased in these spec'ies at the tiller initiation

stage (Joffe and Small,1964). Blum (1973) cited evidence of

decreasing tillering in sorghum exposed to mild water stress. Reduced

t'iìlering due to water deficits has also been reported in the weed

species, wiìd oats (Akey and Morrison, 1984).

Morphoìogicaì responses such as leaf area development, duration

and orìentation of leaves are among the most effective means a mesophy-

tic pìant has for adapting to water stness in the field (Begg,1980).

A reduction in the leaf area in response to decreased soil moisture can

be attributed to neduced leaf enìargement (Acevedo et al.,1971); to a

decrease in the number of leaves formed due to inhibition of leaf

primordì a formati on (Ni cho'l I s and May, 1963) ; to I eaf rol'li ng (Begg'

1980) or to a comb'ination of these factors.

By sample week 5, leaf area and leaf number of both foxtail

species decreased significantìy when soil moisture was decreased

(Figure 7 and 8). A'lthough both specìes showed reduced leaf area and

leaf number under water stress, it is evident that of the two species,

green foxta'il was more affected by reduced moisture. These data agree
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with the results reported by Nadeau (1983) who observed that the leaf

area of ye1low foxtail was less affected by soil mojsture defjcits than

the leaf area of green foxtail.

Pos'itive leaf movement to orient the 'leaf paral'le'l to the

incident radiation and rolling of the leaves are additional adaptive

mechanisms that reduce the effective leaf area and hence the energy

ìoad upon the plant (Begg and Turner, 1976). Considerable leaf rolìing

and color change accompanied the significant decrease of leaf water

potentials of sorghum leaves subiected to water stress (Merrill and

Rawlins, 1979). By sample week 3 in 1980 and sample week 2 in 1981,

leaf rolìing was observed'in green and yellow foxtail under aìl

moisture cond'itions except the highest water regime (Treatment 4).

However, contrary to the observations of Merrill and Rawlins (1979)

leaf water potential increased as a result of this leaf orientat'ion.

For both species, the observed dìfferences in dry weights

between the moisture regimes further reflects the noted difference in

leaf area, plant height and tiller number (Tabìe 4 and 5). Unl'ike the

other growth parametens, shoot dry we'ight d'id not differ between the

species. Yellow foxtai'l generaìly had fewer tillers and fewer leaves

than green foxtail, 'indicating a d'ifference 'in allocat'ion of dry matter

between various p'lant parts.

A decrease in height, number of tillers,'leaf area and dry

weight of water stressed foxtail pìants could alter their ability to

compete with a crop species. A reduction'in the number of tillers

could result in a reduction in seed bearing culms and poss'ibìy the

numben of seeds produced, whiìe, a reduct'ion jn leaf area would reduce
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the photosynthetic tissue and 'its ability to compete for space.

Vengris and Damon (1976) concur that weeds which are taller and produce

higher yieìds of foliage are better competitors.

A'lthough limited data'is avaìlable on the effect of moisture on

the competitive ability of green foxtail, some 'informatjon is available

for yelìow foxtail. Research done by Staniforth (1958) with soybeans,

indicated that in seasons of limited moisture, yield reductions from

moderate yellow foxta'il infestations were ìess than when moisture was

normal or above-normal (t,leber and Staniforth, 1957; Staniforth, 1958).

Feltner et al. (1969) studied competition of ye'llow foxtail in grain

sorghum and determined the abiìity of yelìow foxtaiì to compete was

greatest during a yean of above-average rainfall. The competitive

ability of green foxtail in corn by comparison, was reduced when soil

moisture condit'ions were adequate (Moyer and Dryden, 1979).

The percent protein of green foxtail and ye'llow foxtail vegeta-

tive growth decreased linearìy over the growing season (Figure 9).

This decline can be attributed to the dilut'ion effect from cellulose

and other structural carbohydrates. Sìmilar decreases 'in percent

prote'in content with maturity have been reported in sorghum (Ajaka'iye,

1984), barley (Singh et al.,1973) and wild oats (Akey,1982). Hsiao

(1973) reported that protein synthes'is of most species was very

sensit'ive to water stress. 0ther studies also indicate that moisture

deficits'inhìbited protein synthesis (Singh et al., 1973; Dhindsa and

Cleland, 1975). Gneen and yellow foxtail did not show a clear tnend of

a decline ìn percent protein with a corresponding decrease in soil

mo'istu re. Thi s 'i s s'imi I ar to resul ts reported by Akey ( 1983) f on w'i I d
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oats. The protein content of wild oats was not significantly lower in

stressed wild oats plants than'in the unstressed wiìd oat plants.

Unlike protein content of the shoot, protein concentration of

the grain when subjected to moisture deficits frequentìy increases

(Barìow et a1.,1983). This'increased protein in the grain may be due

to different patterns in starch and protein accumulation during grain

fitìing or to different suscept'ibiììties of protein and starch synthe-

sis to water stress. Barlow et al. (1983) contend that the wheat grain

is relative'ly protected from water deficits during drought, Any effect

òn protein synthesis would be manifested in the transport of nitrogen

to the grain. The effect of water defic'its on protein content of the

inflorescence of green foxtail and yeì'low foxtail does concur with

these earlier studies (Tabìe 7). However, the trend of increased

protein content with increased moisture stress was not observed until

sampìe week 5 and was onìy significant for yeìlow foxtail.

There are several structural and anatomical characters that are

cons'idered to confen an adaptive advantage in plants subjected to water

stress. The majority of these characterist'ics involve leaf structure

and anatomy 'including cutinization of the epidermis, thickness of the

leaves and the mesophyll surface area pen unit leaf area (Begg, 1980;

Nobel, 1980). The effect of water stress on the production of epìcu-

ticular wax differed between the Setaria spec'ies studìed (Tab'le 8).

The leaves of yellow foxtail subjected to water stress produced more

epicuticular wax than leaves grown under well-watered conditions. By

comparison, wax development did not differ for green foxtail regardless

of moisture status. Earìy studies ind'icated that water stress promoted
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heavier cutin'ization of leaves (Skoss, 1955; Clark and Levitt, 1956).

Baker and Procopiou (1980) also observed heavier deposits of wax on

leaves of pìants under arid conditions. Dryness of habitat was not

necessariìy associated with greater wax content (Weete et a]_., 1978).

Further, Akey (1982) observed that the amount of surface wax present on

leaves of wild oats subjected to moisture deficits did not diffen

significantly at jointing or the flag'leaf stage. Not until head'ing

that the leaves of wild oats subjected to water stress showed a 60%

greater epicuticular wax production than leaves of wild oats grown

under well-watered conditions. It is possible that 'if another sampìe

was taken at heading, difference in epicuticular wax production between

treatments may have been detected for green foxtai l.
Water stress can affect leaf anatomy by causing changes in leaf

thickness and the number and size of mesophyìl cells (Nobel, 1980).

Hs'iao (1973) states that although indirect, leaf thickness is a good

indicator of pìant water status. Leaf thickness values v\,ere decreased

with a decrease in water availability in both Setaria species (Figure

10 and 11). Leaf thickness of green foxtail was less affected than

leaf thickness of yeìlow foxtail. Nobel (1980) reported a correlation

between an increase in leaf thickness with an increase in maximum rates

of photosynthesi s.

Changes in the sjze of internal celluìar components of ìeaves

have been observed (Cutìer et a1.,1977). The general trend observed

with inct"easing waten stress for green and yeìlow foxtail was one of

reduced intercellular space and reduced mesophyll. Aìthough, the

latter was not as pronounced in gneen foxtai'l (Table 9). The ratio of
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mesophyll area to total area indicates that green foxtail on the

average had a ratio 1.4 times greater than ye'lìow foxtail. This ratio

for leaves of yellow foxtail was affected by the imposed moisture

stress. However, this same ratio for leaves of green foxtail remajned

unchanged. Nobel (1980) states that the greater the area occupìed by

the mesophyll cells compared to total area resulted in higher photosyn-

thesis rates and higher water use. Cutler et al., (1977) concurred

that cell size can affect the internal water relations and.responses of

p'lants to water deficits. These researchers concluded that cell size

and an organism's abiìity to survive drought are inversely correlated.

Although the mesophyì'l cells did not differ greatly, the area of the

other components varied as water deficit increased. The results

obtained on leaf parameters do not direct'ly relate to those observed by

Nobel (1980), since his data represented the total surface area of the

varjous cell components. However, the result of this study may

indirectly suggest that green foxtail would be considened to be better

adapted to condit'ions of mo'isture stness.

The success of a species in a stressful habitat is determ'ined

by its reproduction and propagation, and the proportion of dry weight

allocated to reproduction (Saìibury, 1942; Stebbins,195l). The number

of heads per green foxtail and ye'lìow foxtail p'lant was decreased under

water stress conditions (Figure 8). The noted differences in inflor-
escence dry weight per plant further neflects the observed differences

for inflorescence number between the moisture regimes (Tab1e 6). The

average rat'io of inflorescence dry to shoot dry weight was .43 for

green foxta'il and .26 for yeì'low foxtail. However, the ratio of
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inflorescence dry weight to shoot dry weight remained unchanged for

both species regardless of treatment. This is contrary to resuìts

observed for wheat (Davidson and Campbell, 1984) and barìey (Irvine et

al., 1980) grown under conditions of restricted moisture. In both

studies, harvest index was reduced as water availab'ility was reduced.

By contrast, Hsiao et aI. (1976) study'ing severaì sorghum vari-

eties reported that the hanvest index was increased under non-irrigated

compared to irrigated conditions. A substantial difference in parti-

tioning of assimilates did occur between the various sorghum cultivars

examined and was reflected in the harvest index value. The timing,

duration and severity of stress influences the affect water deficits on

harvest index (Turner and Begg, 1981). Fischer (1980) contends that

stress during seed fiììing will reduce the harvest index due to a

corresponding reduction in assimilate production. Further, grain yield

under water stress are highly correlated with size of the p1ant. The

reproductive sink size is constantly adjusted during stress to result

in a balance between vegetat'ive size and grain yieìd (Fischer,1980).

Green foxtail and yeììow foxtail when stressed over the growing season

mai ntai ned th'is preci se bal ance 'in al I ocati on to the reproducti ve

st ru ctu res.

Under moistune stress, the inflorescence of both Setaria

species emerged from the flag leaf normaìly, but part of the inflor-

escence had died. This "head blasting" has been observed in sorghum,

when water stress was instilled at the beginning of head emergence

(Hsì ao et al. , 1976).
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As previously noted the various components of yie'ld, number of

inflorescence and inflorescence dry weight were affected by induced

moisture stress'in both foxtaiì species. Inflorescence dry we'ight,

however, can be broken down into its components: the number of seeds

perinflorescence and seed weight. Nadeau (1983) reported a substan-

tial decrease in seed production in green and ye'llow foxtail under

water stress. Seed production of green foxtail was less affected by

the d'ifferent water regimes imposed than the seed production of ye'lìow

foxtail. Similar to seed production, the weight of green foxtail seed

was less affected by moisture stress than the weight of yeìlow foxtail

seed (Figure 12). In fact, seed weights determined for green foxtail

did not differ significantìy under the various water regimes. In

contrast, ye]ìow foxtail seed weight decreased 8% and 2l% in 1980 and

19Bl respective'ly. This occurred under the lowest moisture regime

(Treatment 1) compared to the highest moisture regime (Treatment 4).

l,Jater stress decreased seed weights in sorghum (Stout et il.,
1978) and wild oats (Sawhney and Naylor, 1982). Harper (L977 ) specu-

lated that evolution has favored homeostasis of seed size within most

species because of its vital nole in mainta'in'ing continuity between

generations. Although seed s'ize was detenmìned indìrectìy by 1,000

kennel weights, this adaptatìve strategy is congruent with that

observed in green foxta'il. However, homeostasis of seed s'ize was not

observed ìn ye'llow foxtail.

From these observations on the components of yield certain

trends distinguish these two Setaria species. Green foxtail produces

numerous small seeds, by contrast, yelìow foxtaiì yields fewer larger
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seeds. The interaction between seed size and seed number is of partic-

ul ar importance 'in determi ni ng adaptat'ive strategi es. Stebb'ins (1974)

theorized that'large seeds conta'in large embryos and/or large quanti-

ties of stored materials. As a result, these ìarger seeds produce more

vigorous seedlings and enable a seedling to produce an extens'ive root

system by reìying on an abundance of stored food. The disadvantages of

ìarge seed is that it is at the cost of seeds number, ìarger seed take

longer to develop and are ìess easily dispersed than smaller seed. By

comparison, the great advantage of large seed number is the increased

chance of random d'ispersaì (Stebbins, 1971). Seeds of yeìlow foxtail

decreased'in weight under water stress may in turn have a detrimental

effect on seedling vigor and the future establishment of this species.

Germination Study. "Effective" reproduction is not soleìy a matter of

seed production. It involves germ'ination and development to maturity

of the next generation (Harper, Lg77). Therefore dormancy and the

physioìogica'l requirements for germìnation to a great extent control

the potentiaì weedy nature of a species (Norris and Schoner' 1980).

Germinat'ion of foxtail seed subjected to various moisture conditions

during development indìcates the djfficulty in conduct'ing a study on

climatic effects on seed dormancy. Aìthough the results were varìab]e,

several trends were observed. Percent germ'ination of green foxta'il

seed, 2 to 4 days after incubation was consistently h'igher than for

yelìow foxtail regardless of treatment (Figure 13 and 14). Following 8

months of dry storage in 1980, foxtail seeds had greater than 75% ger-

minabjlity, indicating that the necessary after-ripening had occurred
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(Figure 13). In 1981, the storage perìod was decreased to 4 months.

0ver the course of the second year of study, germìnation of foxtail

seed increased greatly with seeds of green foxtail show'ing the ìargest

increase. The only treatment difference was observed for green foxta'il

seeds produced under the highest moisture regime (Treatment 4). The

trend was one of reduced germination under high moisture conditions.

This'is in agreement w'ith reports by Sexsmith (1969) that lower levels

of moisture during seed formation decreased dormancy of wild oat seed.

Vanden Born (1971) observed variations in dormancy of green foxtail

seed at harvest, attributing the disparity to variations in the condi-

tions under which the parent p]ants were grov{n. Contrary to the

results presented herein, the author postulated that the decrease in

dormancy was'induced by the cool damp weather prior to sampììng.

Considerable variation in dormancy in various lots of green and yeìlow

foxtail seed was also reported by Taylorson and Brorvn (1977). These

researchers contend that d'ifferences in relative maturity couìd possib-

1y account for some variability, as ìarge collections of uniformly

mature grass seeds are difficult to collect.

The vari abi I 'ity 'i n the germi nati on resul ts does not I end to

clear interpretation of the data. Sexsmith (1969) stressed that if

differences in seed dormancy are to be determ'ined accurately' it is

imperative that the germinatìon test be conducted at the appropriate

time or times. Th'is researcher observed greater d'isparit'ies in

germination of wild oat seed 72 days after maturìty than 28 days after

maturity. In this study djfferences may not have been detected due to

late'initìation, ie. 4 and 8 months aften harvest. The selectìon of
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the opt'imum time is difficult and can onìy be overcome by in'it'iating a

ìarge number of germ'ination tests, at short jntervals from the time of

harvest unt'i I dormancy has comp'l etely d'isappeared (Sexsmj th , 1969).

More replicat'ion and earlier initiation of the germ'ination study may

have resulted in a greater separatìon in percent germination of green

and yellow foxtail seed subiected to imposed water stress.

Best temperatures for germination of green foxtail seed was 24

to 28oC. By comparison, the optimum temperature for germ'inatjon of

yel'low foxtail seed was 24"C (Tabìe 10). These results correspond to

those reported by Dawson and Bruns (1962). Under field conditions'

yel l ow foxtai'l germ'inated at ì ower temperatures than green f oxtai I or

barnyard grass Echi nochl oa crus-galli (1.) Beauv.) leading the authors

to speculate that yel'low foxtail would ìikeìy germinate more readiìy

during short periods of warm weather in the spring.

Growth Room Study

Plant I,laten Status

Sim'ilan to the results observed ìn the outdoor study, subject-

'ing green and ye'llow foxtail to water stress reduced the leaf water

potent'ia'l of both species (Table 11). Unl jke the field results, leaf

water potentìals did not fluctuate to any great degree. Under the

highest moisture regime (Treatment 4), leaf water potentials of green

foxta j I and yeì I ow f oxtai I were s'im'il ar. In control I ed envi ronments

such as growth rooms, radiation levels are usualìy low and constant,

temperature and rel ati ve humidity are ma'inta'ined about average. Thus

ìeaf water potentials of plants grown under growth room conditions
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would not be expected to fluctuate to the same degree as field grown

plants. The onìy aspect of moisture stress generally under study 'in

contnolled environments is water deficit induced by restricted water

supp'ly (Begg and Turner, 1976).

Leaf water potentials d'id not decrease with time or age of the

pìant as reported by several researchers (Blum, I974; Begg and Turner,

1976; Ritchje, 1981). Samp'ling of the ìast-most ful'ly expanded ìeaf

may have minimized the effect of leaf age on the leaf water potentiaì

readi ngs.

Growth and Devel opment

l.lhile the height, leaf area, shoot dry weight and inflorescence

dry weight were reduced in stressed foxtai'l plants in both the outdoor

and growth room study, observed reductions were not as great in the

grorth room.

This discrepancy in response to water deficits of pìants gnown

'in controlled environments compared to plants grown'in the field has

been reported by Begg and Turner (1976) and Akey (1982). These

researchers reponted a more pronounced effect of water stness on plants

gnown under growthroom conditions. Several factors contribute to a

more pronounced effect of moisture stress in controlled environments.

As was the case in this study, most indoor studies utilize small con-

tainers. Ritchie (1981) observed that the amount of water removed per

unjt volume of soil is usually much greater in container experiments

than in the field. This tends to accelerate the rate of onset of

stress when wateris w'itheld. However, the fact that in growthrooms



r29

radiation levels and wind velosities, are usualìy low and constant'

temperature and relative humidity are above average, may have minimized

the effect of small conta'iner size.

In add'itìon, soil types differed between the two environments.

In the outdoor study, Altona clay ìoam soil was used. For the growth

room study, A'lmasippì very fine sandy loam was used. Examination of

the soil mojsture release curves of these so'ils indicates the Almas'ippi

very fine sandy ìoam requires onìy a slight change in water content;

below 10% to result'in large decreases in soil water potentiaì. As a

result soil moisture contents were maintained above this level which

resulted in ma'intaining a higher soil water potentia'l than that

experienced under field conditions.

Fertility has also been reported to affect water relations in

plants. Increases in fertility would increase growth rates and water-

use efficiency (Ritch'ie, 1974). Fischer and Kohn (1966) studied wheat

under field conditions and reported that high fert'ilizer rates

'increased moisture stress as a result of increased crop growth. In the

growth room studY, â large amount of fert'il'izer was used, this may have

ìnfìuenced water use efficiency and alter the observed differences

between the spec'ies. For exampl e, under control I ed env'i nonmental

conditions, dry matter yield of yeìlow foxtail was greater than dry

matter yie'ld of green foxtail, regardless of water reg'ime. In field

experiments, where no fertilizer amendment were made, shoot dry we'ight

dìd not differ significantìy between the Setaria species. Bubar (1981)

repor.ted a distinct difference in the ability of these two species of

foxtail in the uptake of nitrogen and in the util'izat'ion of nitrogen in



130

the production of top growth. More likely'it is the combined effect of

soil type, low irradiance, high fertility, and the method of in.stilling

moisture stress which resulted in smaller reductions in the plant

parameters observed under growth room conditions.

The primary purpose of the growth room study was to investigate

the patterns of dry matter allocat'ion in green and yellow foxtail. 0f

parti cul arinterest was the 'inf I uence of soi I moi sture stress on

shoot:root ratios (S/R) of these Setaria species. The S/R ratio of

green foxtaiì was generally greater than the S/R ratio of yelìow

foxtai'l ( Tab'le 14). Thi s i s congruent with results reported by Nadeau

(1983). This researcher observed that the smaller root mass of green

foxtail compared to ye'llow foxtail was capable of supportìng propor-

t'ionately greater shoot growth. Troughton (1974) theorized that the

size of the root system is the most influential morphological factor in

determining the rate of water loss. A large root system relat'ive to

the shoot wouìd be a disadvantage under water stress. 0ther research-

ers disagree with this theory Passioura (1980) states an increase in

noot to shoot rat'io of a plant durìng drought has the advantage in

assisting the plant to match it's water suppìy to evaporative demand.

Thi s researcher qua'l i f i ed thi s statement by emphas'i zì ng that such a

response has a respi ratory cost that may greatly reduce water use

efficiency. Examìning a range of drought tolerant sorghum cultivars,

Begg (1980) reported the most tolerant genotypes possessed higher root

weìghts, greater root volumes and lower S/R ratios.

Changes in S/R occurned over time (Table 14). No distinct

trends however were observed for foxtai'l pìants subiected to the
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various moisture regimes by the final sample date. There exist several

conflicting reports ìn the literature on the effect of moisture stress

on the distribution of dry matter between noots and shoots (Gaìes,

1979). Kurffnerov (1980) concluded that no clue regarding adaptation of

plants to arid environments could be obtained from the S/R ratio.

Hater stress has been reported to enhance root growth not onìy

relative to shoot growth but absolutely (Hsiao and Acevedo, 1974). A

comparison of wheat varieties by Hurd (t974) indicated that pìants with

a more extensive root system could exploit a larger soi'l volume, there-

by making more effective use of soil water. Rooting ìength, distribu-

tion and the ratio of secondary to prìmary roots also influence water

uptake and these rooting characteristic may determine a species adapt-

abilìty to water stress. Passioura (1981) postuìated that under dry

conditions where proportionateìy more seminal roots than adventitious

roots are present, more water could be reta'ined ìn the soil. This type

of ratio between the two root systems ensures that soil water would be

available for seed product'ion and the survival of the species assured.

A marked d'ifference in the relative proportion of seminal and adventi-

t'ious roots under moisture stress was observed for green foxtail and

yelìovl foxtail (Nadeau and Morn'ison, 1983). Four weeks after emer-

gence,55% and 68i6 of the total root length of plants grown under the

driest reg'ime were comprised of seminal roots in green foxtail and

yel 1 ow foxtai 1 , respecti ve1y. Under the hi ghest moi sture regi me,

seminal roots comprised of on'ly 5% and 14% of the total root length in

green foxtai I and yel'low foxtai I , respecti veìy.



r32

The rel ati ve success of a spec'ies or bi otype may be 'inf I uenced

by the allocation of fixed carbon to various portìons of the plant

(Saìibury, 1945). Assìmi'late transìocation in pìants ìs often reduced

under moderate to sevene water stress (Hsiao and Acevedo' 1974).

Moisture stress reduces source strengths by decreasing photosynthesis

and reducìng s'ink strength by ìnhib'iting growth, thus lìmìtjng trans-

locat'ion. Hsiao and Acevedo (1974) state that the alterìng of trans-

I ocat'ion may determi ne the parti ti oni ng of assimi ì ates among d'if ferent

parts of the plant under stress. Biomass allocation to the ìeaves

i ncreased i n a proporti onal manner due to i ncreasi ng mo'isture stress 'in

both foxta'ils (Fìgure 15), Contrary to results observed ìn the field'

the percent dry matter allocated to the inflorescence was altered when

plants were subjected to mo'istune stress. AS water suppìy decreased

the dry matter aìlocation to the inflorescence decreased in yellow

foxtail but increased for green foxtail. This noted difference 'in

al'location patterns under water stress between the outdoor study and

the growth room study are ìikely due to the prevìousìy stated problems

assoc'iated with controlled environment studìes.
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SUMMARY AND CONCLUSIONS

Morphological d'ifferences observed between green foxtail and

yellow foxtail are typicaì of djfferences observed for d'iploid and

polyploìd grass species. The gigas effect of poìyploi¿y was observed

'i n yel I ow foxtai 1 , i ncl udi ng thì cker I eaves, hi gher water content, and

larger seeds compared to green foxtail. Developmental differences

between these foxtaìì species include later fìowering and fruit'ing in

addjtion to a reduction ìn allocation to the reproductive effort in

yel'low foxtaiì compared to green foxtail. Further, under water stress

conditions, the range of morpholog'ica'l variability expressed by the

tetraploid species, yeìlow foxta'iì was less than the range expressed by

the diploid grass speciêsr green foxtail. This phenomena is not unlike

that observed for other polypìoid and dip'lo'id species.

The shoot growth of green foxtail was reduced to a greater

extent than yellow foxtail when comparìng the lowest and hjghest mois-

ture regime. This spec'ies difference was evident in both the outdoor

and growth room study. However, 'it waS less pronounced under con-

trolled environmental conditions. Green foxtail was shorter, initiated

fewer tillers, produced fewer leaves and less leaf area under the

lowest water reg'ime compared to the highest water regime. While yellow

foxtail exhibited s'imilar trends, the effects on these growth parameter

was not as severe. By contrast the leaf water potentia'l and fresh

weight to dry weight rat'io of yeìlow foxtail was lowered to a gneater
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extent than these same growth parameters for green foxtail under

moi sture stress.

Leaf characteristics were also altered under water stress.

Leaf thìckness was reduced'in yeììow foxtail when subjected to moisture

stress. This trend was also observed for green foxtaì1. Epicuticular

wax formation was increased under soil moistune deficits in both

specìes. 0n the average, Jellow foxta'il had the greatest increase in

epicuticular wax production as the amount of water suppìied was

restricted. This coupled with reductions in leaf area under water

stress could severely hamper the herb'icidal control of these Setaria

species. Further experimentation in thìs area would be of benefit to

farmers as well as weed bìologists.

The reduction in number and dry we'ight of the inflorescence in

green foxtail and yelìow foxtail subjected to moisture stress was not

correìated with a reduction in the ratio of inflorescence dry weight to

shoot dry weìght. In the outdoor study, this ratio was not signìfi-

cantly different under the various moisture regimes for either species.

This same balance was observed for the S/R ratio of green and yel'low

foxtail. No distinct trends were observed as the amount of water was

restricted. Seed weights of green foxtail also dìd not vary under the

various water regimes imposed. However, seed weights of yeìlow foxtail

decreased with decreasing water availabiì'ity.

The greatest pencent germination of ye'llow foxtail seed

occurred at 24oC, whereas green foxtail had the greatest percent

germinatìon at slightìy higher temperatures. The data also 'indicated

that seed germination of green foxtaiì seed may be effected by the

exposure of the parent plant to h'igh mo'isture condit'ions.
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From these results, green foxtail would like'ly be a stronger

competìtor than yellow foxtail under moisture stress conditions.

However, yeìlow foxtail does appear to be abìe to utilize added mois-

ture effectively, particularìy in terms of increased height and leaf

area. Although these foxtails are c'losely related and inhabit the same

types of environments, their biolog'icaì response to various environ-

mental conditions could alter the extent to wh'ich the species becomes a

probìem in cultivated land. Further examinatìon of the nature of the

competitive abiìity of these Setaria species under varying moisture and

fertiìity would be useful. It is likely that the interaction of

fertil'ity, moisture, light and temperature influence the extent to

which each species would be competitive.

I n add'i t'i on there i s some evÍ dence 'i ndi cati ng that moi stu re

stress during development may influence subsequent germination. This

could potentially effect the spread and estalbishment of these species

i n cul ti vated I and.

In summary, further study is needed to undenstand the different

bi ol ogi ca1 strateg'ies ut'il i zed by green and ye'll ow f oxtai ì , parti cul ar-

'ly when in competition with crop species. This research would enhance

our understanding of crop losses due to these weeds, and prove helpfu'l

in defining cu'ltural practice which could assist the produce in

control I 'i ng these weeds.
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APPENDIX 1. Moisture release curve for Altona clay loam soil
determined from pressure plate apparatus data and
gravimetric soil moisture content
the l'ine is represented by the fol
regression equation (r = 0.99):

y = 7.0583 - (0.2rg7)x + (0.0036) xz - (2.2335 x to-5¡x3

Y=pF

X = soil moisture content V,)

(

l
%). The equation of
owì ng polynomi nal
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APPENDIX 2. Moisture release curve for Almasippi very fine sandy ìoam
so'il determ'ined from pressure pìate apparatus data and
gravimetric soil moisture content (7,). The equation of
the line is represented by the following poìynom'inal
regression equation (r = 0.98):

Y = 7.235 - (0.403)X + (0.00085)

+ (2.238 x 1o-7)X5

Y=pF

X = Soil moisture content (%)

x3- (2.602xto-s¡x4
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APPENDIX 3. Standard curve for epicuticular wax present on green
foxtail (cF) and yeì'low foxtail (YF) leaves determined at
an absorbance of 590 nm. The equation of the line for
each speci es i s as fol I ows:

Green Foxtait 
, = .025g + ("0972)x (r = 0.99)

Yel I ow Foxtai l
Y = .0173 + (.1086)X (r = 0.99)

absorbance at 590 nm

mg of wax
Y=
[=
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APPENDIX 4. List of corresponding caìendar dates for each sample week
for 1980 and 1981 outdoor study.

Yean Samp'le Week Calendar Date

1980

1981

1

2
3
4
5
7

I
2
3
4
5

July, 16
23
30

July,
July,
August, 6
August, 13
August, 27

July, 1B
.luly, 25
August,
August,
Augu st ,

1

I
15



APPENDIX 5. Rainfall Patterns in 1980 an 1981.
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APPENDIX 6. Gravimetric soil moisture content in the outdoor study in
1981.

Soil Moisture Contenta

Samp I e
hleek Depth

Treatment
1

Treatment
2

Treatment
3

Treatment
4

-- (cm ) -- (r")

4?
54
34

62
46
74

I

2

3

4

5

0-5
5- 10

10- 15

10.
16.
15.

9.57
13.32
12.84

18.86
17.85
19.35

20.46
20.78
20.16

16.52
L7.48
19.63

9.56
14.88
15. 13

11.47
16.20
L7 .27

13.32
16 "42
16.09

25.71
24.75
22.82

18.44
20.66
19.64

19.2L
22.55
21.83

10.85
16.09
L7 .52

14.85
17 .33
17.15

29.
28.
27.

19.69
22.48
24.89

21.13
20.59
23.39

0-5
5- 10

10- 15

0-5
5- 10

10- 15

10.32
L4.52
14.01

0-5
5- 10

10- 15

19.28
18.20
19.28

rg.7 4
20.23
19.24

L7.34
19.87
L9.72

0-5
5- 10

10- 15

LSD (0.05)b 1 .99

â An average of six measurements per treatment.

b lso (0.05) for comparison within and between columns.
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APPENDIX 7. Soil temperature in the outdoor study in 1980 and 1981.

Soi I Temperature
b

Yea r
Samp I e
l,leek

Treatment
1

Treatment
2

Treatment
3

Treatment
4

( "c)

1980 1a
2
3
4
5
7

1a
2
3
4
5

22.6
19.1
20.8
16.9
L6.7
14,8

23.6
18. I
18.3
17 .3
16.8

20.
L7.
16.
14.

22.2
19 .0
19.3
16.7
16.0
14"5

23. 1

17 .r
17.8
17 .0
16.4

22.
Lg.

3
?
6
0
3
7

22.2
19.3
20.2
16.8
16.7
14.5

LSD ( 0.05)

LSD (0.05)

23.4
17.8
18. 3
17 .3
16.9

0

0.7

23.5
17 .7
18.0
17.3
16.8

8

3 eutter placement.
b Ar, uu.räge of thnee measurement

measurements in 1981, taken wit
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APPENDIX 8. 1980 Weather Data.
Elevation Altitude:

ILat. 49" 54'N; Long 97o 14'l.l;
239.6 meters (ASL)l
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APPENDIX 9. 1981 Weather Data. ILat 49. 54,N
Elevation Altitude:. 239.6 metres

; Long:
(AsL) l

97" 14'l,J;
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